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ABSTRAK 
FAKULTASTEKNOLOGlKELAUTAN 
JURUSAN TEKNIK PERKAPALAN 
Sarjana Teknik (Sl) 
ANALISIS PENGARUH PEMBERIAN POTENSIAL NEGA TIF DALAM 
PROSES PERLINDUNGAN KA TODIK TERHADAP 
r/UCTURE TOUGHNESS BAJA SS-41 
Oleh Mukti Syarif Rivai 
Pembimbing Wing Hendroprasteyo Akbar Putra, ST , M.Eng. 
Structural Steel SS-41 adalah material yang umum digunakan pada 
bangunan laut. Pada struktur tanpa lapisan pelindung, perlindungan korosi 
dilakukan dengan metode impressed current cathodic protection. Kegagalan 
struktur yang terjadi pada konstruksi bangunan laut yang menggunakan metode 
ICCP diduga terjadi karena adanya pemberian potensial negatif yang berlebihan 
pada proses perlindungan katodik yang menyebabkan meningkatnya konsentrasi 
hydrogen di sekitar struktur. 
Kehadiran hydrogen ini dapat memicu terjadinya hydrogen damage pada 
material yang dapat menurunkan ketangguhan (toughness) material. Pengujian ini 
dilakukan untuk mengetahui pengaruh potensial negatif yang berlebihan pada 
proses perlindungan katodik terhadap fract~re toughness baja SS-41 . 
Dalam tugas akhir ini pengujian fracture toughness dilakukan 
menggunakan standard ASTM Volume 03 .01 designation: E 399-83 terhadap b~ja 
SS-41 yang sebelwnnya diberi potensial perlindungan katodik melalui pengujian 
sel tiga elektroda. Masing-masing spesimen diberi potensial negatif yang berbeda-
beda sebesar -850,-950,-1050, dan -1150 mY SSC selama 7 hari (168jam). 
Hasil pengujian menunjukkan adanya penurunan fracture toughness baja 
SS-41 yang berkisar antara 2,08 % sampai dengan 16,67 % setelah pemberian 
potensial negatif yang berlebihan. 
ABSTRACT 
Structural steel SS-41 is the most common material that used for off~·hore 
structures. impressed Current Cathodic Protection (ICC?) method is used to 
protect the uncoated structures from corrosion. Mechanical failure occured in the 
structure using ICC? may be caused by the effect of cathodic overprotection that 
may have increased hydrogen concentration around the structures. 
The increasing of hydrogen concentration teoritically cause hydrogen 
damage that may decrease material toughness. These experiments were carried 
out to know the effect of cathodic overprotection to the fracture toughness of 
SS-41 steels. 
By using ASTM standard, E 399-83; the fracture toughness ·testing were 
applied to SS-41 steels which have been impressed by - 850 mV SSC, -950 mV 
SSC, -1050 mV SSC, -1150 mV SSCfor 7 days (168 hours). 
As a result, it was apparent that there were a decrease in fracture 
toughness on the range betwen 2.08% to 16.67%. 
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Pendahuluan I - 1 
BAB I 
PENDAHULUAN 
1.1 Latar Belakang 
Kegagalan mekanis dapat didefinisikan sebagai perubahan dalam 
dimensi , bentuk atau material properties dari suatu struktur yang menyebabkan 
ketidakmampuan struktur tersebut untuk berfungsi sesuai dengan yang 
direncanakan. 
Seorang engineer harus dapat merencanakan struktur yang berfungsi 
baik selama umur pakainya, memenuhi faktor kestlamatan dan ekonomis. Mode-
mode kegagalan yang mungkin terjadi pada struktur harus mendapat perhatian 
serius untuk dihindari . 
Kapal dan bangunan !aut lainnya yang terbuat dari baja beroperasi 
pada lingkungan yang korosif, sehingga sangat rentan terhadap kegagalan mekanis 
akibat penurunan kualitas baja yang disebabkan oleh terjadinya korosi. Korosi 
di<:rtika:1 seb:1gai ~~erus<::kan , keausan atau penu;-unan mu~u logam atau material 
yang diakibatk:::tn ol eh terjadinya reaksi elektrokimia dengan lingkungan yang 
didukung oleh faktor-faktor tertentu [Trethewey dan Chamberlain, 1991]. 
Korosi yang terjadi akan menimbulkan kerusakan dan mengakibatkan 
kerugian baik segi ekonomis maupun segi kesclamatan. Karena itu dihutnhkan 
suatu cara untuk memperlambat laj u korosi . Salah satu cara untuk mengurangi 
laju korosi dari suatu material adalah perlindl!ngan katodik yang terdiri atas dua 
teknik Perkapa/an-1/S ~'·uRas Akhir (KP 1701) 
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metode, yaitu: metode arus terpasang (impressed current) dan metode anoda 
tumbal (sacr~ficial anode) [Chandler, 1985]. Pada metode arus terpasang, 
perlindungan dilakukan dengan pemberian potensial negatif terhadap struktur 
yang beresiko mengalami korosi . Semakin besar potensial negatif yang diberikan 
pada logam akan semakin memperlambat laju korosi pada logam tersebut. 
Namun disisi lain pemberian potensial negatifyang terlalu besar dapat 
menyebabkan terjadinya pembentukan atom-atom tunggal hidrogen yang dapat 
terdifusi kedalam struktur kristal logam dan menyebabkan terjadinya hydrogen 
attack. Hal ini dapat menyebabkan penggetasan pada logam. 
Dasar dalam mcndesain struktur adalah safety factor (faktor 
keamanan), Sehingga dalam penentuan penggunaan material, pertimbar.gan 
material properties seperti yield strenght (kekuatan tarik), yield stress (batas 
mulur), buckling stress (tegangan mulur) dan lainnya menjadi sangat penting. 
Dengan asumsi tegangan nominal pada struktur tidak melebihi tegangan yield 
maka desain struktur tersebut aman. Hal tersebut nampaknya benar dengan 
asumsi bahwa pada struktur tidak ada cacat (defect). Pada kenyataannya dalam 
beberapa kasus, suuktur mengalami kegagalan justru pada saat b~ba;, yang 
diterima masih dibawah tegangan yield. Dalam perencanaan st!'uktur dima!la pelat 
digunakan sebagai komponen utama, struktur dapat dianggap mempunyai cacat, 
sehingga pendekatan safety factor berdasarkan material properties menjadi tidak 
valid lagi . Untuk mengatasi masalah tersebut dikembangkan konsep mekanika 
kepecahan yang merupakar. salah satu metode matematis yang digunakan untuk 
mempelajari semua perilaku material termasuk adanya cacat pada material. 
~0 Teknik J>erkapalan-17S Tug as Akhir (KP 170 I) 
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1.2 Tujuan 
Tujuan penulisan tugas akhir ini adalah untuk mengetahui seberapa 
besar pengaruh pemberian potensial negatif terhadap fracture toughness material 
dalam hal ini baja SS-41. Perlakuan perlindungan korosi diberikan dengan 
menggunakan sel tiga elektroda dengan potensial negatif bertingkat : 0 (tidak 
diberi potensial), -850, -950, -1050, -1150 m V SSC. Tinjauan dilakukan dengan 
menganalisis data dari pengujian spesimen jenis Compact Tension Specimen/ 
dengan metode pengujian plain strain fracture toughness test dengan standard 
pengujian ASTM (American Society for Testing and Material) volume 03.01 
designation: E 399-83. 
Hasil dari analisis tersebut yang berupa perbandingan nilai fracture 
toughness (K1c) dari beberapa kondisi pemberian potensial negatif diharapkan 
dapat memberikan masukan lebih lanjut tentang pengaruh hydrogen attack 
terhadap kekuatan material . 
1.3 Manfaat 
Manfaat yang diperoleh dari penulisan tugas akhir ini adalah sebagai 
bahan referensi dalam perencanaan, pembangunan dan pengoperasian konstruksi 
baja yang menggunakan baja SS-41 sebagai material dasamya serta perlindungan 
katodik metode ICCP (impressed current cathodic protection) sebagai upaya 
untuk memperlambat laju korosi . 
-1§ Teknik Perkapa/an-17:) Tugas Akhir (KP 1701) 
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1.4 Batasan Masalah 
Batasan masalah pada tugas akhir ini adalah sebagai berikut : 
1. Baja yang digunakan adalah baja SS-41 yang tidak diberi lapisan 
pelindung (coating) 
2. Pengaruh perubahan suhu diabaikan, dalam hal mt temperatur 
pengujian dianggap temperatur ruang. 
3. Pengaruh aliran elektrolit diabaikan. 
4. Salinitas air yang dipakai dalam pengujian adalah 30. 
5. Perubahan struktur kristal logam dan jarak antar elektroda tidak 
dibahas secara mendalam. 
6. Kondisi pengujian elektrokimia sel tiga elektroda adalah dengan 
pemberian potensial negatif sebesar 0 (tidak diberi potensial) , 
-850, -950, -1050,-1150 mY SSC. 
7. Jumlah spesimen uji untuk tiap kondisi adalah dua buah. 
8. Tegangan sisa akibat proses mekanis pada waktu pembentukan 
spesimen uji diabaikan. 
9. Spesimen secara umum berada dalam kondisi plane strain, 
sehingga pengaruh daerah plastis yang terjadi pada ujung retak 
lebih kecil dari total material spesimen. 
10. Kondisi keretakan adalah kondisi dominan elastis sehingga dapat 
digunakan konsep Linear Elastic Fracture Mechanics (LEFM) dan 
bukaan retak linear dengan laju pembebanan. 
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II. Dimensi struktur yang ditinjau relatif lebih besar dibandingkan 
retak yang ada. 
1.5 Metodologi Penelitian 
Untuk mendapatkan hasil analisis yang mendasari pengambilan 
kesimpulan mengenai pengaruh potensial negatifterhadap_fracture toughness baja 
SS-41, maka disusun metodologi penelitian sebagai berikut: 
1. Studi literatur mengenai korosi , perlindungan korosi dan konsep 
mekanika kepecahan. 
2. Studi mengenai pengujian material terdiri dari uji elektrokimia sel 
tiga elektroda untuk pengkondisian perlindungan katodik arus 
terpasang, uji tarik untuk mengetahui mechanical properties dan 
uji plain strain fracture toughness untuk mengetahui K1c materiaL 
3. Penentuan material yaitu mild steel jenis SS-41 dan penentuan 
standard uji yang digunakan dalarn tes spesimen adalah standard 
ASTM (A merican ,(,'ociety for Testing and Material) 
4. Pelaksanaan pengujian. 
Persiapan spesimen sesuai standard ASTM E 8M-85 untuk tension 
test dan Compact Tension Specimen Test sesuai standard ASTM 
Volume 03 .01 designation: E 399-83 . 
5. Analisis data 
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Penyusunan data penguJian menjadi diagram skematik antara 
beban dan displasemen yang nantinya dapat digunakan untuk 
menentukan harga dari plain strain fracture toughness (Krc) 
6. Kesimpulan dan Saran. 
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Korosi 
2.1 Definisi Korosi 
BABII 
KOROSI 
U-
Korosi diartikan sebagai kondisi penurunan mutu material akibat terjadinya 
reaksi kimia atau elektrokimia antara material dengan lingkungannya, atau 
kerusakan material akibat hal lain selain proses mekanis murni [Collins, 1981]. 
Atom-atom logam di alam terdapat dalam bentuk campuran/senyawa kimia. 
Dibutuhkan sejumiah energi untuk mengolah/mengubah bijih-bijih mineral 
menjadi logam murni atau paduannya. Energi ini tersimpan di dalam logam 
sebagai internal e,tergy. Proses korosi mengembalikan logam kembali seperti 
keadaannya di alam bebas sebelurn diolah. Pada proses ini terjadi pertukaran 
energi antara internal energy pada material dengan external energy/free energy 
yang terdapat pada lingkungannya. 
2.1.1 Das?.r Te('ri K:mi~ Terjadinya Korosi 
Dalarn teori kimia, korosi terjadi akibat adanya reaksi reduk3i-oksidasi 
(redoks) antara material dengan lingkungannya. Media utama korosi adalah air 
(H20) yang merupakan molekul netral dan bersifat reversible, dimana kedua jenis 
atom yang terkandung didalam molekul air sewaktu-waktu dapat berubah menjadi 
atam-atom semuia. Atom uraian ini dapat menjadi sebab terjadinya korosi. 
H20 <::> H ~ + OR 
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Sebagai contoh adalah proses korosi pada baja di udara terbuka atau yang 
tercelup dalam air. Terjadinya korosi pada baja yang dicelupkan dalam air 
dikarenakan atom-atom logam mengalami pelepasan elektron sehingga terbentuk 
ion logam. 
Fe ----)- Fe2+ + 2e-
Reaksi ini dinamakan reaksi anodik atau oksidasi. Sedangkan apabila baja tersebut 
berada pada udara terbuka yang mengandung uap air maka udara dengan air akan 
mengalami reaksi katodik yang disebut reduksi oksigen seperti dibawah ini : 
02 + 2H20 + 4e- ----)- 40R 
Dalam larutan asam, reaksi reduksinya adalah evolusi hidrogen : 
H+ + e- ----)- H 
H + H ----)- H2 
Pada baja-baja yang tercel up dalam air laut, ion-ion Cr dan Na + tidak ikut 
bereaksi, sebagai basil adalah penggabungan antara reaksi anodik dan katodik 
sebagai berikut: 
2Fe + 2H 20 + 0 2 ----)- 2Fe2+ + 40H- ----)- 2Fe(0Hh 
Senyawa hasil1eaksi diatas disebut senyawa karat ntau g<1ram ferro. Kondisi ini 
menurut teori kimia tidak akan stabil jika terus menerus berada di udara terbuka 
atau di air laut. Senyawa ini akan bereaksi lebih lanjut membentuk garam ferrit 
yaitu: 
2Fe(OH)2 + 2H20 + 0 2 ----)- 2Fe(OH)3 
Dari reaksi diatas dapat ditarik kesimpulan bahwa jika bnja mengala1ni korosi 
maka akan berlanjut hingga habis. 
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2.1.2 Dasar Teori Listrik Terjadinya Korosi 
Semua material mempunyai muatan listrik statis yang besarnya bervariasi. 
Bila dua benda dengan muatan listrik statis yang berbeda dihubungkan secara 
elektris (dicelupkan kedalam larutan elektrolit dan dihubungkan dengan 
konduktor), maka akan terjadi aliran listrik dan aliran elektron. 
Pada sel batere, kutub positip disebut anoda dan kutub negatip disebut katoda. 
Kebalikannya dalam sel korosi, kutub positip disebut katoda dan kutub negatip 
disebut anoda. 
anoda katoda 
l 
J 
anoda r1 f-'--~atoda 
l 
.,;; , I ~ I gl 
--~ 
ali ran 1!\..: ktron ~ ali ran dektron 
A ~~ 
.I 
( A larutan elektrolit 
_j 
·------ ---
Sel batere Sel korosi 
Gambar 2.1 Sel batere & sel korosi 
2.2 Teori Elektrokimia pada Proses Korosi 
2.2.1 Reaksi Elektrokimia 
Reaksi eleki.rokimia adalah reaksi yang melibatkan arus elektron/arus listrik, 
atau reaksi yang didalamnya terdapat reaksi reduksi dan oksidasi. Hampir seluruh 
pwses korosi yang terjadi pada logam meiibatkan perpindahan elektron. 
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Contoh reaksi elektrokimia adalah reaksi antara zinc dan hydrochloric acid 
yang ditunjukkan pada reaksi Jengkap berikut: 
Zn + 2HC1 ~ ZnC12 + H2 
Zinc bereaksi dengan larutan asam membentuk zinc chloride serta membebaskan 
gelembung-gelembung gas hydrogen pada pennukaan. Bentuk reaksi ioniknya 
adalah: 
Setelah menghilangkan cr dari kedua sisi reaksi, diperoleh : 
Bila diuraikan, reaksi diatas terdiri atas : 
reaksi anodik [2.1] 
reaksi katodik [2.2] 
Pada reaksi anodik [2.1] valensi Zn meningka~ dari 0 menjadi +2 dengan 
melepaskan elektron, reaksi ini disebut juga reaksi oksidasi. Sedangkan pada 
reaksi katodik [2.2) bilangan oksidasi hydrogen tl'rur. dari + 1 menjadi 0 dengan 
mengkonsumsi elektrof1, rt':aksi ini di~ebut juga reaksi reduksi. 
2.2.2 Polarisasi 
Proses reaksi elektrokimia seperti [2.1] dan [2.2] terjadi dalam kecepatan 
reaksi yang terbatas. Jika elektron yang terbentuk untuk dipakai pada reaksi [2] 
banyak, potensial pada per;nukaaan menjadi semakin negatip, hal ini 
menyebabkan sisa elektron yang terktimpul pada logam atau pennukaan larutan 
P1enunggu untuk bereaksi . Karena itu kecepatan reaksi tidak cukup UP.tuk 
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mengakomodasi seluruh elektron yang ada. Perubahan potensial negatip m1 
disebut cathodic polari::ation. Demikian pula kekurangan elektron pada logam 
dari reaksi [2 .1] menghasilkan perubahan potensial yang lebih positip, Perubahan 
potensial positip ini disebut anodic polarization. Anodic polarization 
menunjukkan gaya gerak korosi dengan terjadinya reaksi anodik. 
Pada larutan elektrolit, bidang batas (perrnukaan logam dengan media) akan 
mencan steady state potential, Ecorr , yang tergantung pada kemampuan dan 
kecepatan reaksi redoks dalam melepaskan dan memakai elektron. 
£a 
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Gam bar 2.2 Skema kenaikan laju korosi dengan kenaikan potensial E dan anodic polarization Ea. 
Ketika potensial permukaan naik diatas Ecorr menjadi E, secara umum laju 
korosi akan meningb .t.seperti yang ditunj ukkan pada gambar 2.2 anodic 
polarization didefinisikan sebagai sa = E - Ecorr . Tanpa adanya polarisasi, gaya 
gerak korosi yang sangat kecil akan menghasilkan laju korosi yang sangat tinggi . 
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2.2.3 Pasivitas 
Logam yang berada pada media oksidator yang kadar oksidatornya terus 
meningkat (potensial semakin positip), laju korosi menurun drastis setelah 
potensial kritis Ep, yang kemudian pada potensial tertentu kecepatan korosi stabil. 
Kondisi ini disebut sebagai pasivitas. Pasivitas terjadi karena terbentuknya lapisan 
tipis karat pelindung yang menghambat terjadinya reaksi anodik. 
Selain keuntungan akibat penurunan laju korosi , pennasalahan yang timbul 
dari pasivitas ini adalah karena sifatnya yang tipis dan mudah pecah. Rusaknya 
lapisan ini menghasilkan korosi lokal sulit diprediksi seperti korosi celah, korosi 
lubang, korosi c~lah dan korosi tegangan. 
_: 
I 
·~ 
I 
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Gambar 2.3 Pasivitas pada potensial oksidasi diatas Ep 
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2.3 Faktor-faktor yang Berpengaruh Terhadap Korosi 
2.3.1 Faktor Penyebab Korosi 
Setiap logam maupun paduannya bila tercampur dan bereaksi dalam suatu 
lingkungan korosif akan mengalami korosi. Faktor-faktor yang mempengaruhi 
terjadinya korosi pada logam-logam atau paduannya adalah sebagai berikut: 
1. Struktur material 
Homogenitas struktur suatu material ditentukan oleh susunan kimia, 
perlakuan panas dan perlakuan mekanis dari material. Bila struktur mikro 
material tersebut kurang atau tidak homogen, akan terjadi apa yang 
dinamakan dengan sel korosi mikro galvanis. Pekerjaan mekanis dapat 
menyebabkan butiran dalam material mengalami perubahan bentuk dan 
susunannya, sehingga apabila Iogam berada dalam larutan elektrolit akan 
terjadi aliran listrik karena sebagian kristal akan menjadi katoda bagi 
kristal lainnya. 
2. Deformasi plastis dan elastis. 
Hampir semua logam dalam pembuatannya terdefonnasi , akibatnya 
permukaan Iogam mempunyai struktur yang sifatnya berbeda. Adanya 
struktur kristal pennukaan yang berbeda menyebabkan tetjadinya korosi. 
3. Bentuk pennukaan logam. 
Permukaan logam mempunyai struktur tersendiri mengenai keaktifannya 
membentuk lapisan oksida logam yang fungsinya menghambat 
pengkaratan. 
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4. Pengaruh beda potensial. 
Dua logam yang mempunyai beda potensial tidak sama bila digabungkan 
dan dimasukkan kedalam larutan elektrolit akan terjadi pengkaratan. 
5. Komposisi air laut. 
Air laut merupakan campuran senyawa kimia dan masing-masing 
senyawa memiliki sifat yang berbeda-beda secara sistematik. Akibat dari 
sifat-sifat itu akan menyebabkan terjadinya korosi dari beberapa logam 
yang tercelup kedalam air laut. Di bawah ini adalah senyawa-senyawa 
yang terdapat dalam air )aut menurut tabel 2.1. [Chandler, 1985]. 
Tabel 2.1 . Komposisi ser;yawa kimia dalam air !aut (g/kg) 
SENYAWA g/kg 
Sodium 12,77 
Magnesium 1,30 
Kalsium 0,409 
Potassium 0,338 
Strontium 0,010 
Chloride 19,37 
Sulfat (S0-1) 2,71 
-----
Brom 0,065 
Boric acid (H:; B03) 0,026 
Total salts 35,1 
6. Pengaruh oksigen. 
Kandungan oksigen maksimum pada tekanan 1 atm temperatur 25° C 
adalah 1 0 mg 0 2 per liter. Oksigen pada proses korosi dapat membentuk 
lapisan pelindung oksida pada pennukC~.an logam yang menimbulkan sifat 
pasivitas pada logam tersebut. 
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Gambar 2.4. Hubungan antara kandungan oksigen dan ldju korosi dari besi dengan 
kedalaman air !aut [Laque, 1975]. 
7_ Salinitas. 
Total kandungan garam yang terdapat dalam air laut disebut salinitas yang 
didefinisikan sebagai banyalmya kadar garam dalam gram per liter. Untuk 
berbagai wilayah pera!ran dunia salinitas berkisar antara 32 sampai 38, 
sedang perairan Indonesia berkisar antara 30 sampai 35. Salinitas sangat 
berpengaruh terhadap laju korosi , sernakin tinggi salinitas rnaka sernakin 
cepat laju korosi seperti tarnpak dalarn gam bar 2.3 [Laque, 1 975]. 
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Gambar 2.5. Hubungan antara salinitas dengan laju korosi dari mild steel. 
8. Temperatur. 
Semakin tinggi temperatur maka laju korosi akan semakin cepat, seperti 
tampak dalam gambar 2.4 [Laque, 1975] . 
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Gam bar 2.6 P~ngaruh temperatur terhaciap korosi besi dalam air !aut 
Tugas Akhir_(KJ!..J...Jfll .)_. 
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9. Kecepatan 
Kecepatan gerakan atr !aut sangat berpengaruh terhadap laju korosi 
logam, hal ini sebagai akibat pengaruh pertambahan reaksi oksigen di 
permukaan logam. Semakin tinggi kecepatan aliran, maka laju korosi 
semakin cepat. Hal ini ditunjukkan dalam gambar 2.5 [Laque, 1975] . 
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Gam bar 2. 7 Pengaruh kecepatan aliran air laut terhadap laju korosi besi. 
10. Unsur-unsur halogen. 
Ur.sur C , Br dan ! <laiam suatu media korosi akan meilycbabk.an rusaknya 
pasivitas suatu material atau ketahanan pengkaratan akan hilang. Dengan 
adanya hasil reaksi antara logam dengan unsu:--unsur halogen tersebut, 
akan mempercepat terjadinya korosi . 
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Gam bar 2.8 . Hubungan antara kedalaman dengan temperatur, kandungan oksigen, pH dan 
salinitas menurut F. L L Laboratory at Harbor Island, North Carolina [Laque, 1975]. 
2.3.2 Pengaruh Lingkungan terhadap Korosi 
Lingkunpn ya~g rP.enyebabl-:a~ kerusakan pc.da mate:i2J dis~but 1ingkL:ngan 
korosifyang terbagi dalam b~berapa bagian [Fontana, 1986]: 
1. Lingkungan udara beruap air dan air yang mengandung mineral. 
2. Polutan industri jang terdiri dari uap air, gas-gas seperti amoniak, 
hidrcgen su1fida, klorin, asarn-asam organik. 
3. Minyak. 
4. Lngkungan bersuhu tinggi . 
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Pengaruh Lingkungan terhadap terjadinya korosi dapat dilihat pada beberapa 
kondisi sebagai berikut [Collins, 1981] : 
1. Udara terbuka 
Fartor-faktor yang paling berpengaruh pada kondisi udara terbuka adalah 
temperatur, waktu basah (time-of-wetness), serta jenis dan jumlah unsur 
kimia yang mengotori. 
2. Air 
Pada pera1ran alam dan lingkungan berair lainnya, korosi pada baja 
dipengaruhi oleh konsentrasi oksigen terlarut, temparatur, kesasaman, 
garam terlarut dan kecepatan ali ran .. 
3. T anah 
Korosi pada baja yang terpendam dalam tanah sebagian besar ditentukan 
oleh kelembaban tanah, konduktifitas yang dipengaruhi oleh garam 
terlarut, tingkat aerasi serta keasamam tanah. Ada juga yang dipengaruhi 
oleh bakteri . Pada kondisi anaerob, bakteri sulfat dapat membentuk 
hidrogen sulfida yang dapat merusak baja. 
4. Temparatur tinggi 
Pada temparatur tinggi diatas 220 °C, lingkungan yang mengandung 
hidrogen dapat menyebabkan kerusakan yang parah pada baja karbon. 
Hidrogen terdifusi kedalam baja dan bereaksi dengan iron carbides 
memhentuk methane. T ekanan tinggi didalam baja dapat meyebabkan 
kegagalan retak. Per.ambahan unsur-unsur pada logam paduan seperti 
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chromium, molybden, titanium, dan vanadium dapat secara efektif 
menghambat terjadinya pengrusakan oleh hidrogen. 
2.4 Jenis-jenis Korosi 
Jenis-jenis korosi bisa bermacam-macam yang tergantung dari banyak faktor 
seperti jenis material , kondisi lingkungan, proses pembentukan atau fabrikasi 
material dan sebagainya. Untuk mempermudah membedakan macam korosi yang 
terjadi , berikut ini diklasifikasikan secara garis besar jenis-jenis korosi : 
1. Korosi homogen (uniforn; corrosion) 
Jenis korosi yang sering dan umum terjadi pada konstruksi logam. Korosi 
jenis ini mengakibatkan pengkaratan pada seluruh bagian material yang 
terekspose dalam atmosfir. Korosi homogen biasanya rnudah diprediksi 
dan diukur, dimana berkurangnya ketebalan logam merupakan fungsi 
waktu. 
Misal: baja yang terekspose dalam atmosfir yang lembab. 
Fe ~ Fe2+ + 2e } .'\ 2 
0 2 + 2H 20 + 4e 40H- + 
2Fe + 0 2 + 2H20 2Fe2+ + 40H-
2Fe + 0 2 + 2H20 ~ 2Fe(OH)2 
Proses korosi logam besi dalam air menghasilkan karat besi 2Fe(OH)2 
yang berwarna coklat dan menyebabkan menipisnya permukaan besi. 
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2. Korosi galvanis ([!.alvanic corrosion) 
Terjadi karena adanya perbedaan potensial antara dua logarn atau lebih 
yang digabungkan dalarn suatu elektrolit. Logam yang rnempunyai 
potensial rendah atau tahanan korosi rendah akan terkikis, dan yang 
potensialnya lebih tinggi atau tahanan korosinya tinggi mengalami 
penurunan tahanan korosinya. Logam yang tahanan korosinya kecil 
disebut anodik dan 1nenjadi logarn aktit: sebaliknya logam yang tahanan 
korosinya tinggi bersifat katodik dan menjadi logarn pasif. Proses korosi 
diawali dengan rnengalirnya elektron diantara dua logam. Semakin besar 
beda potensial antara dua logarn dalam larutan elektrolit akan sernakin 
cepat pula aliran elektron yang terjadi dan laju korosi akan semakin cepat. 
3. Korosi lubang (pi/ling corrosion) 
Merupakan bentuk pengkaratan yang terpusat pada satu titik dengan 
kedalarnan tenentu. Serangan yang kecil dan dalarn akan sulit untuk 
dideteksi. Banyak logam yang terkorosi relatif kecil dibanding berat 
logam seluruhnya. Proses korosi berjalan cepat dan bentuk mengarah ke 
arah gi avita<;i . 
4. Korosi celah (crevice corrosion) 
Sering menyerang pada celah dan perrnukaan tertutup lainnya dari suatu 
logam yang terletak dalam media korosif. Perusakan korosi selalu dalam 
skala kecil dari larute!P yang terperangkap lewat lubang, kotoran 
permukaan logam , baut atau kepala keling dan celah dibawah rnur. Korosi 
ini disebut j U!5a korosi deposit atau gasket corrosion, dan Jl1erupakan 
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korosi lokal dengan serangan hebat dan suht terdeteksi karena tidak 
tampak dari luar. Celah logam pacta media korosi bersifat anodik akan 
terkena korosi. sedangkan bagian logam lainnya bertindak sebagai 
katodanya. 
5. Korosi tegangan (\·tress corrosion) 
Korosi ini muncul saat material mendapat perlakuan pembentukan baik 
cutting maupun bending. Karena perlakuan tersebut maka akan muncul 
perbedaan tegangan yang mengakibatkan terjadinya aliran elektron dalam 
material dan meyebabkan teijadinya korosi pacta bagian material yang 
mendapat perlakuan cutting dan bending tersebut. 
6. Korosi lelah (fatique corrosion) 
Terjadi pada tegangan dibawah yield point akibat adanya pembebanan 
cyclic. Retak merambat sampai luas penampang mehntang dari logam 
berkurang sampai pacta suatu titik dimana ultimate strength dilalui hingga 
, brittle fracture teijadi secara cepat. Korosi ini didefinisikan sebagai 
penurunan ketahananfatique akibat adanya media yang bersifat korosif. 
7. Korosi batas butir (intergranular corrosion) 
Terjadi pada daerah batas butir (grain boundary) akibat adanya 
kekosongan unsur atau elemen pada kristal logam setelah mengalami 
proses pembentukan. Korosi ini sulit diamati dengan mata telanjang 
karena tidak teijadi di permukaan logam melainkan pacta butiran kristal. 
Terkadang tanpa ada perubahan pada kristalnya baik secara kuantitatif 
maupun geometri . Serangan pada butir atau batas butir menyebabkan 
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perubahan susunan kristal logarn yang berakibat renggangnya ikatan 
antara kristal. Hal ini akan mempengaruhi sifat ketangguhan (toughnes,\) 
atau kekerasan (hardness) material. 
8. Korosi erosi 
Disebabkan karena adanya gerakan relatif antara fluida korosif dengan 
pennukaan logarn. Korosi ini mengakibatkan terkikisnya lapisan film 
pada pennukaan logam yang berfungsi sebagai pelindung logam dari 
serangan korosi . Penambahan kecepatan gerakan relatif antara logarn 
dengan media korosif mengakibatkan bertambahnya pengikisan lapisan 
pelindung logarn . 
9. Hydrogen Damage 
Hy drogen damage merupakan suatu kerusakan yang diakibatkan oleh 
atom tunggal hidrogen. Karena ukurannya yang sangat kecil sehingga 
atom ini dapat berdifusi ke dalam sebuah logam. Ada empat jenis 
hydrogen damage: 
a. Decarburization dan Hydrogen Attack 
Decarburization dan hydrogen attack terjadi apabila logam berada 
pada lingkungan yang mengandung hidrogen bertekanan tinggi dalam 
waktu yang lama. Atom-atom karbon dan hidrogen dalam logam akan 
bereakasi . 
F eC + 2H2 41111 1111> C~ + Fe 
Pada suhu 470 °C reaksi tersebut diatas berada pada posisi setimbang 
namun pada suhu yang lebih rendah reaksi akan cenderung ke arah kanan 
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dan membentuk metan. Gas metan yang terbentuk didalam logam tidak 
dapat menyeruak keluar. Jika gas metan terkumpul dan menumpuk di 
daerah cacat pada logam maka tekanan di daerah tersebut akan meningkat. 
Tekanan yang tinggi ini akan dapat mengakibatkan terjadinya gelembung 
dan peretakan di daerah tersebut. Jika reaksi tersebut di atas terjadi pada 
suhu yang tinggi maka reaksi akan cenderung ke arah kiri dan membentuk 
gas hidrogen. Akibat pembentukan gas hidrogen di dalam logam pada 
suhu yang tinggi akan dapat mengakibatkan peretakan. 
/ /)ecarhurizalion 
Log am 
........ / ---<SiG:~ 
Gambar 2.9. Kerusakan material akibat proses decarburization. 
b. Hidrogen Blistering 
Hidrogen blistering terjadi akibat difusi atom tunggal hidrogen di 
daerah cacat pada logam yang terletak di dekat permukaan. Atom 
hidrogen yang terperangkap di daerah cacat akan berevolusi membentuk 
gas hidrogen. Gas hidrogen yang terkumpul makin lama makin banyak 
sehingga tekanan di daerah cacat akan meningkat. Karena besamya 
tekannan yang terjadi maka di daerah cacat tersebut akan terjadi 
gelembung (blister) seperti gambar berikut: 
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Rlisrer 
Gam bar 2.1 0. Kerusakan logam akibat hydro!{en h/istering 
c. Hydrogen l:.mbritlement 
Proses yang terjadi pada hydrogen embritlement hampir sama dengan 
hydrogen blistering. Tekanan yang tinggi akibat gas hidrogen yang 
terkumpul di daerah cacat yang berada jauh dari permukaan logam akan 
dapat mengakibatkan peretakan dan perapuhan di daerah cacat tersebut. 
H' W 
• • H H H H H 
Rctak pada aerah cacat 
Fe ... .,. 
+ H ~d 
Gambar 2.11. Skematik difusi atom tunggal hidrogen ke dalam sebuah logam 
[Jones, 1992) 
10. Korosi biologi 
Diakibatkan secara langsung maupun tidak langsung dari aktifitas 
organisme hidup seperti ganggang atau bakteri. Aktifitas organisme hidup 
menimbulkan korosi dengan cara mempengaruhi secara langsung 
terhadap reaksi anodik dan katodik, lapisan pelindung dan menciptakan 
kondisi korosif. 
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2.5. Pengendalian Korosi 
Proses korosi tidak dapat dihilangkan, namun hanya dapat dikendalikan 
sehingga umur dari struktur atau komponen menjadi lebih lama. Setiap komponen 
mengalami tiga tahapan utama dalam suatu pembentukan struktur yaitu 
perancangan, pembuatan dan pemakaian. Pengendalian korosi memainkan 
peranan penting dalam tiap tahapan tadi , ketidakberhasilan salah satu dari aspek-
aspek pengendalian korosi ini bisa menyebabkan komponen mengalami kegagalan 
prematur. 
Pengendalian korosi bisa dilakukan dengan berbagai macam cara, tetapi yang 
paling utama dilakukan dalam usaha pengendalian korosi adalah [Trethewey dan 
Chamberlain, 1991] : 
• Modifikasi disain 
• Modifikasi Iingkungan 
• Pemberian lapisan pelindung 
• Pemilihan bahan 
• Perlindungan katodik atau anodik 
Untuk proses pengendalian korosi yang terjadi pada bangunan kapal, khususnya 
dibawah garis air, sering dilakukan dengan cara: 
• Pemberian lapisan pelindung (Coating) 
Pemberian lapisan pelindung pada pennukaan logam berfungsi untuk 
memisahkan lingkungan korosif dengan logam dan mengendalikan 
lingkungan mikro pada pennukaan logam. Cara pelapisan yang digunakan 
misalnya cat, selaput organik, vemis, lapisan logam dan enamel. 
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• Anoda tumbal (mcr!ficial anode.\) 
Pengendalian korosi dengan cara mengorbankan logam yang bersifat 
anodik untuk melindungi logam katoda yang merupakan bahan logam 
utama konstruksi. Dalam hal ini , logam yang ditumbalkan harus 
mempunyai potensial yang lebih rendah dari logam utama sehingga yang 
terkorosi adalah logam tambahan, dan logam utama terhindar dari korosi . 
• Pemberian potensial perlindungan katodik (impressed current) 
Pengendalian korosi ini dilakukan dengan cara memasok sejumlah arus 
yang dibutuhkan oleh suatu konstruksi. Anoda yang digunakan dalam 
sistem ini dapat berupa anoda termakan atau permanen. Logam yang 
mempunyai kerapatan arus tinggi apabila digunakan sebagai anoda harus 
dikelilingi dengan lapisan pelindung arus (protective shields). Lapisan 
pelindung ini dimaksudkan untuk menghindari terlalu tingginya kerapatan 
arus katoda di sekitar anoda. Pengendalian ini dilengkapi dengan 
transformator dan sistem pengendali untuk mengatur jumlah kebutuhan 
arus listrik pada konstruksi. 
2.6 Potensial Perlindungan Katodik 
Suatu material akan mengalami pengkaratan bila material tersebut bertidak 
sebagai anoda dalam sel galvanis, sedangkan material yang bertindak sebagai 
katoda tidak akan mengalami pengkaratan. Dengan dasar tersebut pencegahan 
pengkaratan dapat dilakukan dengan cara memberikan atau mengalirkan potensial 
negatif pada logam. Cara pencegahan seperti ini disebut sebagai pencegahan 
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pengkaratan dengan menggunakan perlindungan katodik (impressed current 
cuthodic protection). Semakin negatif potensial yang diberikan pada material 
maka reaksi anodik yang terjadi akan semakin lambat namun sebahknya reaksi 
katodik menjadi lebih cepat sehingga logam menjadi lebih katodik. Dengan 
lambatnya reaksi anodik maka laju korosi yang terjadi semakin lambat pula. Hal 
tersebut ditunjukkan dalam gambar 2.12: 
Potcnsial 
E" 
c -sso m v sse ) 
Potcnsial/ 
kcrap;Han arus 
La,iu korosi/ 
kcrapatan arus 
log ir 
log (kerapatan ams) 
Laju korosi 
mcnurut berat 
yang hilang 
Gambar 2.12. Variasi potensial katodik terhadap kerapatan arus untuk baja dalam air !aut 
serta hubungannya dengan laju korosi yang diukur dari berat yang hilang [Trethewey dan 
Chamberlain, 1988). 
Gambar tersebut memperlihatkan korosi yang dialami oleh logam semakin 
sedikit bila potensial dibuat lebih negatif [Trethewey dan Chamberlain, 1991]. 
Ecorr merupakan potensial dimana logam mengalami korosi . Pada kondisi ini 
kerapatan arus yang dihasilkan kecil dan laju korosi yang dihitung dari berat yang 
hi lang besar. Ep - 850 m V SSC adalah potensial perlindungan katodik yang 
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diberikan pada logam, dimana pada kondisi ini kerapatan arus yang terjadi 
menjadi lebih besar dan korosi yang dialami logam semakin sedikit. 
Dengan demikian pencegahan pengkaratan pada suatu konstruksi dapat 
dilakukan dengan jalan membuat material konstruksi bertindak sebagai katode. 
Langkah yang harus dilakukan untuk memenuhi hal tersebut adalah dengan 
mengalirkan arus potensial negatif kepada material. Perlindungan katodik 
memerlukan jumlah arus yang sesuai agar dapat berfungsi dengan baik. Ada 
beberapa faktor yang mempengaruhi besarnya kerapatan arus, faktor-faktor 
tersebut adalah : 
a. Luas permukaan material. 
Lebih besar permukaan material yang berhubungan dengan air laut, maka 
semakin besar pula elektron yang harus diterima oleh permukaan material 
terse but. 
b. Kecepatan aliran. 
Bertambah besarnya kecepatan aliran fluida maka akan memperbesar 
kepadatan arus yang diperlukan. Dengan bertambah cepatnya aliran air 
)aut maka memungkinkan oksigen yang mencapai permukaan material 
semakin banyak. 
c. Temperatur air laut. 
Temperatur air laut berbeda untuk daerah perairan satu dengan lainnya. 
Kenaikan temperatur akan menyebabkan semakin besamya oksigen yang 
mencapai perrnukaan logam. Kenaikan oksigen ini akan menyebabkan 
bertambah besamya kepadatan arus yang dibutuhkan. 
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Seperti yang telah disebutkan diatas bahwa reaksi anodik yaitu proses 
berubahnya logam menjadi ion logam menjadi lebih lambat, tetapi reaksi katodik 
semakin cepat bila potensial perlindungan katodik yang diberikan semakin negatif 
(cathodic overproleclion;. Dengan semakin cepatnya reaksi katodik ini akan 
mempercepat pula terjadinya evolusi hidrogen, yaitu proses pembentukan gas 
hidrogen : 
1-r - e 
H- H ... 
Atom hidrogen hanya memiliki satu proton dalam intinya, sehingga atom 
hidrogen sangat kecil , hal tersebut menyebabkan atom hidrogen dengan cepat 
berpindah melalui struktur kristal logam [Jones, 1992]. Jadi, penggunaan 
perlindungan katodik yang semakin negatif selain mampu memperlambat proses 
pengkaratan juga dapat menyebabkan terjadinya difusi atom hidrogen kedalam 
logam. Dengan meningkatnya konsentrasi hidrogen dalam logam maka 
kecenderungan terjadinya penggetasan (embrilllement) pacta logam juga semakin 
meningkat [Fontana, 1 986). Penggetasan yang disebabkan karena konsentrasi 
hydrogen dalam logam dikenal sebagai hydrogen embrittlement. Penggetasan ini, 
akan dapat mengurangi kekuatan logam. 
2.7 Karakteristik Hydrogen dalam Material 
Aspek-aspek yang mendasari permasalahan yang ditimbulkan oleh 
keberadaan hydrogen dalam material meliputi : 
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• Kemampularutan hydrogen dalam kisi-kisi molekul (struktur 
material) yang tidak tinggi. 
• Kecenderungan yang tinggi untuk terserap kedalam atau keluar 
melalui permukaan material. 
• Terserapnya hydrogen kedalam kisi dan perpindahannya oleh 
proses difusi , pergerakan cacat serta pengumpulan hydrogen pada 
bagian dalam bulk metal. 
Meskipun kemampularutan hydrogen tidaklah tinggi, hydrogen mudah 
berinteraksi dengan material melalui berbagai cara seperti : 
• Precipitation 
• Inclusion 
• Grain boundaries (batas butir) 
• Reaksi dengan elemen tertentu membentuk hydrides 
Interaksi ini seringkali membutuhkan perpindahan hydrogen diantara bulk 
metal, dan mobilitas yang tinggi berperan dalam sifat merusak pada baja. Ukuran 
molekul hydrogen relatif besar dan hanya bentuk atom hydrogen yang lebih kecil 
yang dapat terdifusi secara efektif. Jadi larutan dengan kandungan ion hydrogen 
dapat menjadi sumber pengisi baja dengan hydrogen yang terdifusi melalui bulk 
metal. 
Hydrogen yang terdapat pada baja pada temperatur ruang, dapat 
menyebabkan turunnya ductility, terjadinya blistering, step-wise cracking atau 
delayed cracking, dimana kelanjutan retak terjadi pada tegangan yang jauh 
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dibawah dari yang seharusnya dibutuhkan untuk terjadinya pertambahan retak 
pada kondisi tanpa kehadiran hydrogen [Collins, 1981]. 
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BABIII 
FRACTURE MECHANICS 
3.1 Prinsip Dasar Fracture Mechanics 
3.1.1 Pendahuluan 
III-
Filosofi dasar desain struktur adalah proses pengambilan keputusan 
yang iteratif dalam perancangan dan optimasi dari teknologi baru ataupun 
pengembangan teknologi dalam memenuhi kebutuhan dan keinginan manusia 
[Collins, 1981]. Struktur yang akan dibuat atau dibangun perlu didesain sesuai 
dengan kondisi lingkungan dimana struktur tersebut bekerja, dengan demikian 
moda-moda kegagalan yang mungkin dapat terjadi bisa diprediksi dan dihindari . 
Penyebab terjadinya kegagalan struktur dalam banyak konstruksi 
dapat secara umum digolongkan kedalam dua kategori, yaitu: 
1. Kelalaian dalam perencanaan, pembangunan atau pemakaian struktur. 
2. Penerapan desain atau material baru dengan hasil yang tidak terprediksi 
dan tidak diinginkan. 
Pada kategori pertama, penggunaan prosedur yang baik dapat 
menghindarkan terjadinya kegagalan pada struktur. Jenis kegagalan kedua lebih 
sulit dihindari . Ketika teknologi baru diperkenalkan, banyak faktor yang tidak 
terantisipasi oleh perancangnya. Sebagai konsekuensi dari tingginya biaya 
pengujian dan analisis terhadap teknologi baru, banyak pengabaian-pengabaian 
yang dilakukan selama pengujian dan analisis tersebut. 
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Perencanaan struktur harus memenuhi faktor keamanan (safetyfactor) 
operasional, dimana struktur harus didesain mampu menerima beban operasi yang 
di rencanakan a tau be ban yang diprediksi akan bekerja pada struktur terse but. 
Sehingga dalam penentuan penggunaan material, pertimbangan material 
properties seperti _vield strenght (kekuatan tarik), yield stress (batas mulur), 
huck/ing stress (tegangan mulur) dan lainnya menjadi sangat penting. Dengan 
asumsi tegangan nominal pada struktur tidak melebihi tegangan yield maka desain 
struktur tersebut aman. Asumsi tersebut benar apabila pada struktur tidak terdapat 
cacat (defect) . Pada kenyataannya dalam beberapa kasus, struktur mengalami 
kegagalan justru pada saat beban yang diterima masih dibawah tegangan yield. 
Dalam perencanaan struktur dimana pelat digunakan sebagai komponen utama, 
struktur dapat dianggap mempunyai cacat, sehingga pendekatan safety factor yang 
hanya berdasarkan material properties menjadi tidak valid lagi. Untuk mengatasi 
masalah tersebut digunakan konsep mekanika kepecahan yang merupakan salah 
satu metode matematis untuk mempelajari perilaku material terrnasuk adanya 
cacat pada material. 
APPLIED 
STRESS 
YIELD atau TENSILE 
... .. 
... ~ STRENGHT 
(a) The strength of material approach 
APPLIED 
STRESS 
(b) The fracture mechanics approach 
Gam bar 3.1 Perbandingan pendekatan mekanika kepecahan dan 
pendekatan kekuatan material 
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Retak merupakan bagian dari kegagalan yang terjadi pada konstruksi . 
Dengan adanya retak, kegagalan pada konstruksi dapat terjadi lebih cepat. Sedang 
kegagalan akhir, adalah merupakan proses akhir yang terjadi pada konstruksi . 
3.1.2 Ketangguhan Material 
Material toughness adalah kemampuan material untuk menyerap 
energi dalam proses pembentukan deformasi plastis tanpa mengalami kepecahan. 
Dapat pula diartikan sebagai kemampuan suatu material menahan suatu beban 
yang dapat diuraikan melalui dua pendekatan mekanika kepecahan yaitu kriteria 
energi (energy criterion) dan faktor intensitas tegangan (stress intensity factor) . 
[Anderson, 1991] 
Pada pendekatan kriteria energi, kelanjutan retak terjadi bilamana 
energi yang bekerja bagi pertumbuhan retak tepat melebihi daya tahan material. 
Daya tahan material ini dapat berupa energi permukaan, gaya plastis ataupun jenis 
energi lain yang hilang bersama bertambahnya retak. Besamya energi yang 
dilepaskan, G, yang didefinisikan sebagai besamya perubahan energi potensial 
pada daerah retak untuk material linier elastis, pada saat terjadinya kepecahan 
nilainya sama dengan nilai kritis energi yang dilepaskan material, Gc , sebagai 
ukuranjracture toughness material , G = Gc. 
Prinsip dasar pada mekanika kepecahan dengan pendekatan faktor 
intensitas tegangan (stress intensity factor) adalah retak yang tidak stabil terjadi 
bilamana faktor intensitas tegangan, K, diujung retak mencapai harga kritis, K , 
dimana Kc adalah suatu faktor yang menunjukkan kemampuan suatu bahan untuk 
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memikul tegangan tertentu pada ujung retak dan menghambat penjalaran retak. 
Maka harga Kc dapat dinyatakan sebagai fracture toughness atau ketangguhan 
retak material. Sehingga harga K: ini dapat dipakai sabagai standard atau kriteria 
dalam perancangan kekuatan struktur. 
3.1.3 Pengaruh Material Properties pada Fracture 
linear Flawic Linear 
1-im·fllre lv!echanics Time-lndepeJJJent 
Materials 
.. 
Non-l.inear Ua.wic-P/astic 
Time-fndepe!nlent f-i·auure Mechanics 
Materials 
~ 
-=-----==-~ _:f_ ==--...... 
/Jynamic r 'iscoe/astic Viscop/astic Non-Linear l·i·acture Fraclure Fracture Time-DepenJeJJI 
Mechanics Mechanics Mechanics Mater(a/s 
Gam bar 3.2 Diagram pohonjracture mechanics 
Gambar 3.2 menunjukkan penggolongan dalam mekanika kepecahan yang 
masing-masing bekerja dibawah kondisi yang berbeda. Linear elastic fracture 
mechanics digunakan untuk material dengan deformasi elastis pada kondisi 
quasistatic. Elastic-plastic fracture mechanics digunakan pada material dengan 
memperhatikan deformasi plastis pada kondisi quasistatic. Dynamic, viscoelastic, 
dan viscoplastic fracture mechanics digunakan untuk material dengan 
memperhatikan deformasi plastis dan variabel waktu yang berperan didalamnya. 
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Elastic-plastic, dynamic, viscoelastic, dan viscoplastic fracture mechanics 
digolongkan kedalam non-linearfracture mechanics. 
FAILURE 
STRESS 
Nonlinear Fracture 
Mecltan.ics 
I 
I 
I 
1 .. 2a .. 1 
«eiN · ·O:lRRP> 
Limit Load 
Analy~b 
FRACTURE TOUGHNESS (Kic} 
Gambar 3.3 Pengaruh.fracture toughness terhadap analisisjracture mechanics 
Penggunaan metode analisis mekanika kepecahan berdasarkan nilai 
fracture toughness ditunjukkan pada gambar 3.3. Pada material dengan toughness 
yang rendah, brittle fracture menyebabkan terjadinya kegagalan mekanis dan 
tegangan kritis berubah secara linier terhadap Krc . Untuk nilai toughness yang 
sangat tinggi, penggunaan LEFM menjadi tidak valid dan kegagalan lebih 
dipengaruhi oleh properties dari material karena tegangan kritis tidak lagi 
berpengaruh terhadap toughness. Pada tingkat toughness menengah, terjadi 
transisi antara brittle .fracture dibawah kondisi linear elastic dan ductile overload. 
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Pada kondisi inilah non-linear fracture mechanics digunakan dalam anahsis 
fracture mechanic.\· . 
Pada tugas akhir ini , dimana penelitian dititikberatkan pada pengaruh over 
protection pada perlindungan katodik dengan metode impressed current catodic 
protect ion terhadap plane-strain fracture toughness baja SS-41, permasalahan 
dibatasi pada kondisi linear elasticfracture mechanics. 
3.2 Linear Elastic Fracture Mechanics (LEFM) 
3.2.1 Pedahuluan 
Seperti yang telah dijelaskan diawal bahwajracture mechanics adalah 
suatu metode matematis yang digunakan untuk menganalisis perilaku material 
yang dalam perkembangannya untuk kondisi quasislatic dapat dibagi dua yaitu 
Unear l:Jastic Fracture Mechanics (LEFM) dan Elastic Plastic Fracture 
Mechanics (EPFM). 
Uaslic Plastic Fracture Mechanics (EPFM) adalah suatu konsep yang 
didasarkan pada keseimbangan energi yang disediakan sistem tersebut untuk 
terjadinya retak. Konsep ini digunakan jika daerah plastis yang timbul pada ujung 
retak lebih besar bila dibandingkan dengan ukuran retak. Sedangkan Linear 
Elastic Fracture Mechanics (LEFM) didasarkan pada prosedur analisis yang 
menghubungkan besarnya medan tegangan serta distribusinya disekitar ujung 
retak dengan tegangan nominal yang bekerja terhadap struktur, bentuk, ukuran 
dan orientasi dari retak atau diskontinuitas tersebut. 
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3.2.2 Tegangan Diujung Retak (Stress Intensity Factor) 
Untuk menganalisis tegangan pacta sebuah retak, maka perlu dilakukan 
pendefinisian jenis retak menurut gerakan relatif dari kedua permukaan. 
Distribusi tegangan di daerah ujung retak terdiri dari tiga mode seperti terlihat 
pacta gambar 3.4 . 
Ml.Eill 
----------- ~-----
tvl::re ll 
\ ) 
Gam bar 3.4 Macam bentuk pembebanan 
Mode I : Opening Mode 
Crack opening mode, retak dibuka Iebar pacta permukaan retakan akibat adanya 
tegangan tarik yang tegak lurus terhadap bidang penjalaran retak. 
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-v _;v _ \ 2 2 
K I [ . () () 3() J 
·r:,,.= --= sm-cos-cos-
" 'J.m· 2 2 2 
0'1 , = U( O'x + 0',.) , rx: = T v: = 0 
I 
I K1 I r ]2 () [ . 1 ()] ( =-. I ~( ~) cos- 1-2u+sm -
(; L 21r 2 2 
I 
v =- - - sm- 2-2u+cos-'" K1 1
1 
r :: . ()[ 2 ()] 
c; L(27r) 2 2 
Mode II : ,C..,'Iiding Mude 
III- 8 
[3 .1] 
In-plane shear mode, bagian retak searah dengan bidang penjalaran retak yang 
diakibatkan oleh tegangan geser. 
a .= - --= Stn- 2 +COS-COS-K 11 [ . () ( () 3())] 
x .../2rcr 2 2 2 
Kn [ . () () 3()] a =-- sm-cos-cos-Y.j2;; 2 2 2 
K11 [ e(1 . e . 3B)J 1 . = -- cos- -sm-sm-
xy ..{2;;. 2 2 2 
(jy = u( (jx + (}.\' ) ' rx: = r.v= = 0 
I 
K1,[ r ]2. ()[ 2 B] (} = c' (27r) sm2 2-2u+cos 2 
I 
K11 [ r ] 2 ()[ . 2 B] V = G (21r) cos2 -1 +2u+sm 2 
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Mode III : Tearing mode 
Out-ot:plane shear rnode, perambatan retak seperti robekan karena permukaan 
retak bergeser terhadap penjalaran lainnya dalam arah sejajar tepi takikan. Retak 
yang diakibatkan tegangan geser yang bekerja pada arah melintang dan 
membentuk sudut dengan arah penjalaran retak. 
K () 
tc = __ Ill_ COS -
&- 2 
u _. = u_,. = u = r = 0 
' = ..\)' 
I 
LJ - KJJI [ 2r ]2 - () --- -- Sin -
G (;r) 2 
U=V=O 
ujung re~k 
besarnya 
\. 
tegangan 
sepanJang x 
\ 
[3.3] 
I y 
y 
~---~ 
----
r,x 
Gam bar 3.5 Distribusi tegangan elastis disekitar ujung retak 
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Komponen-komponen tegangan dan sistem koordinat r dan. 8 dapat 
dilihat pada gambar 3.5 diatas, u, v dan w displasemen kearah x, y, dan z, 
\..) adalah poison ratio , G adalah modulus geser elastisitas. Sedangkan K1, K 11 , Krii 
adalah faktor intensitas tegangan (SIF) untuk masing masing gerakan relatif 
perambatan retak yang tergantung pada tipe tegangan dan ukuran dari retak yang 
terjadi. 
Mode I dan mode II merupakan kasus plane strain dimana 
displasemen kearah z adalah sama dengan no! (w = 0), serta mengabaikan 
penggunaan pangkat yang lebih tinggi , sehingga akan dihasilkan perhitungan 
pendekatan untuk radius (r) yang mendekati no! pada ujung retak. 
3.2.3 Daerah Plastis Ujung Retak (Zona Plastis Irwin) 
Setiap struktur pasti akan mengalami tegangan yang kesemuanya akan 
tergantung pada bentuk retak, ukuran retak, serta konfigurasi dari struktur dengan 
macam pembebanan atau mode seperti terlihat pada gambar 3.5, yang 
kesemuanya akan sangat berpengaruh pada stress intensity factor (SJF). Dengan 
adanya tegangan tersebut maka akan terdapat daerah yang mengelilingi retak pada 
metal, dimana deformasi plastis muncul. Untuk ukuran zona plastis sementara 
pertimbangan dibatasi pada plane-stress. 
Apabila kita memperhatikan gambar 3.6, besamya tegangan diujung 
retak ini dapat ditentukan dengan pendekatan secara matematis dari persamaan 
yang dikembangkan oleh Irwin. Dari gambar 3.6 dapat diketahui harga cry pada 
. . * . 8 = 0. Sampm Jarak rp dan ujung retak, dan dapat dilihat bahwa stress lebih 
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besar dari yield stress . G ys · Untuk perkiraan pertama rp• adalah ukuran daerah 
plastis. 
K 2 a-2 a 
rp = I 
2;ra-ys 2 
--2 
2CJ"I'S 
(3.4) 
Irwin berasumsi bahwa munculnya plastisitas membuat retak lebih 
pan.Jang dari ukuran retak fisik. Akibat plastisitas pada ujung retak ini , 
displasemen akan lebih besar dan kekakuan lebih kecil dari kasus elastis. 
Sehingga ukuran retak sebenamya atau retak efektif sama dengan ukuran retak 
phisik ditambah koreksi 9a + ~ -
....... 
~-. 
-----~-----
r,x 
Gam bar 3.6 Perkiraan pertama ukuran zona plastik 
Dengan mengganti ukuran retak fisik a dengan ukuran retak yang lebih besar yaitu 
a + 8 (gambar 3.7) sehingga distribusi tegangan elastis (cry) pada ujung retak 
efektif dapat diketahui . Tegangan dari ujung retak efektif dibatasi oleh Gvs· 
Dengan cara yang sama tegangan yang bekeTja pada 8 di depan retak phisik 
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besamya sama dengan tegangan yield. Sehingga o harus cukup besar untuk 
mengganti beban yang hilang oleh potongan pada daerah A (gambar 3.8) oleh 
distribusi teganga~ elastis. Dalam hal ini luas pada daerah A sama dengan daerah 
B sehingga besamya A pada gambar 3.8 dapat dicari dengan cara sebagai berikut: 
[3. 5] 
Jika 8 amat kecil apabila dibandingkan dengan ukuran retak a, maka dapat 
diabaikan dan ;" = r P * seperti persamaan 2.6. Dengan luas B sama dengan G,s o, 
dan dengan ketentuan B = A maka akan didapatkan 
o = r * dan r = A + o = 2r * p p . p 
0y I 
. I 
()ys I 
. I 
l . I I 
I \ 
iA\ 
i 
I 
r· ·--t-~~-
UjUnQ retak I B j 
I . 
--------
---- t·t- I 
-- --~~?c=:-l~: --------
~-~y-L. r,x 
Gam bar 3. 7 Perkiraan kedua ukuran zona plastik 
[3 .6] 
Seperti kita lihat pada gambar 3.8 besamya daerah zona plastis adalah 
dua kali lebih besar dari perkiran zona plastik yang pertama (rp *), jadi panjang 
retak dalah a + rr *, sebab 8 = rr * Kuantitas rP * ditetapkan sebagai koreksi daerah 
plastik Jrwin6 . Sembarang asumsi menunjukkan bahwa zona plastik memiliki 
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bentuk circular, kondisi ini digambarkan oleh gambar 3.8, dirnana retak efektif 
berakhir pada pusat zona plastik. 
Koreksi zona plastik pada persamaan pada persamaan 3.4 bukan untuk 
kondisi plane-strain. Koreksi daerah plastik tersebut digunakan dalam 
menentukan harga crack opening displacement (COD). 
-- ------- - --- ---- ~--------~ 
CJv I I 
I 
CJ ~-s t 
----, 
I 
r,x 
Gam bar 3.8 Koreksi zona plastik Irwin 
Harga COD ditentukan dengan persamaan berikut : 
COD= 4a- ~(a+ r • \2 - x 2 E p J [3 .7] 
Jika harga x =a maka harga crack tip opening displacement adalah 
[3 .8] 
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Metodo!ogi Penelirian 
4.1 Pendahuluan 
BABIV 
METODOLOGI PENELITIAN 
Pengujian e lektrokimia sel tiga elektroda dilakukan untuk 
memberikan kondi si over protection dalam proses perlindungan korosi 
menggunakan metode impressed current cathodic protection (ICCP) terhadap 
spesnnen UJL 
Penguj ian Facture (kepecahan) dilakukan untuk mendapatkan harga 
plain strain fracture toughness atau ketangguhan material dibawah kondisi plane 
strain (K1c) dengan menggunakan standard ASTM (American Society .for Testing 
and Material.\) yaitu ASTM E 399 - 83 . 
Persiapan material dan pengujian material sepenuhnya dilakukan di 
laboratorium FTK-ITS, yaitu di laboratoruim teknologi mekanik dan laboratorium 
konstruksi dan kekuatan. Bentuk spesimen dan ukuran telah disesuaikan mengacu 
pada standard yang digunakan yaitu ASTM E 399- 83. 
Material yang digunakan dalam pengujian adalah material jenis SS-41 
yang merupakan jenis material mild steel sesuai Standard JJS (Japanese Industrial 
Standard). Pengujian dilakukan pada kondisi temperatur ruang (30° C). Material 
didapat dari PT. PAL Indonesia . 
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4.2 Sel Tiga Elektoda 
Pengujian ini dilakukan untuk memberikan potensial perlindungan katodik 
pada material dan menimbulkan terjadinya absorbsi atom-atom tunggal hidrogen 
ke dalam material. 
4.2.1 Persiapan alat dan bahan 
Alat dan bahan yang digunakan dalam penguJian sel tiga elektroda ini 
adalah sebagai berikut : 
- Elektroda kerja : elektroda (material uji) yang sedang diteliti 
- Elektroda bantu : elektroda untuk mengangkut arus dalam rangkaian 
yang terbentuk dalam penguJian dan tidak 
diperlukan untuk pengukuran potensial. Elektroda 
yang digunakan adalah batang karbon. 
- Elek"1roda acuan : sebagai titik acuan pengukuran potensial elektroda 
kerja. Arus yang mengalir melalui elektroda ini 
harus sekecil-kecilnya sehingga dapat diabaikan, 
jika tidak elektroda ini akan ikut dalam reaksi sel 
dan potensialnya tidak lagi konstan. Elektroda yang 
digunakan adalah kalomel jenuh (saturated calomel 
electroda, SCE) . 
- Larutan elektrolit dipakai adalah air yang mempunyai salinitas 30. 
- Sumber GGL 
f;)/ Teknik Perkapalan-ITS 
bertindak sebagai penggerak elektroda kerja 
sedemikian hingga reaksi sel yang dikehendaki 
berlangsung. 
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- Galvanometer : pengukur arus yang dapat dibaca hingga miliampere 
atau bahkan mikroampere. 
-Voltmeter : alat untuk mengukur potensial , yang selama 
pengukuran alat ini tidak boleh teraliri arus. 
4.2.2 Pelaksanaan pengujian 
Alat dan bahan yang sudah tersedia dirangkai seperti gambar 4. 1 : 
+ 
P~)',..._lt" r 
Supl:y I ;I ~ ~ 
1
'-' ------______,( A \1-----.--- -----11 V '\ \ \ (l ,, \--.. ~/ 
...._____~ ...___.....-
B;;ntu 
u 
\; 
Ele-ktroda 
Ke:rj.; 
Lanttan NaCl 
Elektt(>d.:. 
J._cuan 
u 
Gam bar 4.1 Skema sel tiga elektroda [Trethewey dan Chamberlain, 1988] 
Penentuan lama penguJJan untuk rnasing-masing spesnnen berdasarkan 
grafik hubungan antara waktu dan prosentase pengisian hydrogen kedalam ruang 
kosong pada material seperti yang ditunjukkan pada gambar 4.2 berikut ini : 
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1.0 r 
~ 
Ferrovac-E / /' / 
I 
I 
0.8 I I 
I 
I 
I 
0.6 I 
~ I I ~ I 
0.4 I I 
- First polarization 
--- Second polarization 
I 
I 
I 
0.2 I 
I 
I 
I 
I 
1 10 103 (min) 104 
60 6 X 1()2 6x104 (sec) 6x10s 
TIME 
Gam bar 3.2 Hubungan waktu dengan hidrogen yang masuk dan volume ruang 
kosong [Jones, l 99 J] 
Keterangan : - J = hidrogen yang masuk 
- Joo = volume ruang kosong di dalam material 
IV- 4 
Sumbu x menyatakan waktu dan sumbu y menyatakan perbandingan banyaknya 
hidrogen yang masuk dengan volume ruang kosong yang terdapat didalam 
material. Dari gam bar diatas dapat terlihat bahwa pada waktu 104 men it harga 
J/Jco mendekati I ,0 yang berarti bahwa hidrogen hampir memenuhi semua ruang 
kosong di dalam material. Berdasarkan hal tersebut maka dipilih waktu 104 men it 
(7 hari ( 168 jam)) dengan harapan akan mendapatkan hasil yang baik. 
Spesimen uji yang berjumlah sepuluh buah diberi perlakuan pengujian sel 
tiga elektroda sebagai berikut : 
2 buah tidak diberi perlakuan sel tiga elektroda. 
2 buah dialiri tegangan -850 mV SSCselama 7 hari (168 jam). 
2 buah dialiri tegangan - 950 mY SSCselama 7 hari (168 jam). 
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2 buah dialiri tegangan -1050 my sse selama 7 hari ( 168 jam). 
2 buah dialiri tegangan -1150 mY SSe selama 7 hari ( 168 jam). 
Karena menggunakan reference electroda SCE (Saturated Calomel 
lc"lectroda) maka diperlukan perhitungan konversi untuk besarnya potensial yang 
harus diberikan terhadap spesimen uji. 
Pertama-tama dilakukan konversi potensial dari elektroda ref, dalam hal ini SSe 
ke SHE (Standard Hydrogen f:Jectroda) . Diketahui data EMet/Ref dalam hal ini 
EMct/SSC adalah masing-masing : -850 mY sse, -950 mY sse, -1050 mY sse, 
-1150 my sse. ERei/SI-m dimana Esse/SHE=+ 266 mY, sehingga didapat 
-850 mY SSe= -584 mY SHE 
-950 mY SSe = -684 mY SHE 
-1050 mY SSe = -784 mY SHE 
-1150 mY SSe = -884 mY SHE 
Kemudian potensial tersebut dikonversikan ke SeE. Diketahui data EReti'SHE 
dimana EscEJSHE = + 242 mY, sehingga didapat 
-850 mY SSe= -584 mY SHE= -826 mY SeE 
-950 mY SSe = -684 mY SHE = -926 mY SeE 
-1050 mY SSe= -784 mY SHE= -1026 mY SeE 
-1150 mY SSe = -884 mY SHE~ -1126 mY SeE 
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4.3 Spesimen Uji Tarik 
Uji tarik dilakukan untuk mengetahui mechanical properties (sifat-sifat 
mekanis) dari material baja SS-41 yang meliputi yield stress dan ultimate stress. 
Hasil dari uji tarik tersebut digunakan untuk fracture test sebagai acuan dalam 
menentukan skal~ pembebanan. 
Dimensi spesimen sesuai standard ASTM E 8M-85 . Dalam pembuatan 
spesimen uji tarik, dimensi disesuaikan de~gan standard dan menyesuaikan 
dengan peralatan yang tersedia di laboratorium. Proses pembuatan spesimen 
dilakukan di laboratorium konstruksi dan kekuatan dan laboratorium teknologi 
mekanik dengan cara sebagai berikut : material dipotong dengan gergaji sesuai 
dengan dimensi yang sesuai dengan standard dan dilebihkan sekitar 2 tnm. 
Setelah mendapatkan bentuk yang dikehendaki dilakukan penyekrapan sampai 
ukuran yang diinginkan yang diikuti dengan pengikiran dan diakhiri dengan 
penghalusan dengan kertas go<>ok untuk menghindari terjadinya cacat pada 
permukaan spesimcn. 
Bcntuk dan ukuran spesnnen uji tarik yang akan digunakan dalam 
pengujian seperti pada gambar 4.3. 
Gambar 4.3 Dimt:nsi spesimen uji ta,·ik 
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4.4 Compact Tension Specimen 
Material yang dipakai untuk uji fracture adalah sama dengan 
material yang digunakan untuk uji tarik.Bentuk material yang digunakan adalah 
compact tension .\pecimen (CTS). Bentuk dan ukuran spesimen seperti terlihat 
pada gam bar 4.4. 
0. 25 \\ .± U.005 \\. 
a 
W± 0.005 W 
1.025 \\":: 0.00 10 w 
·~ .. 
•r, 
:;;; 
"::: i 
~ ! 
:3 1 
~ ; 
- ·I 
-, 
I 
I 
----~ 
I I 
--1 --·----------- ----· I 
B ~' 
B=0.5W±O.OO IOW 
Gam bar 4.4 Bentuk dan dimensi compact tension specimen 
Proses pembuatan masing-masing material sama, yaitu dengan 
memotong material menggunakan gergaji mesin sesuai dengan panjang dan Iebar 
yang dibutuhkan dan dilebihkan (± 2 mm) dari standard yang digunakan. 
Kemudian dilakukan pengukuran ulang untuk mendapatkan · bentuk yang 
dikehendaki. Setelah sesuai dengan dimensi yang diinginkan maka dilakukan 
penyekrapan sampai ukuran yang sebenamya. 
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Untuk pembuarn retak dilakukan dengan menggunakan gerg~p 
mesin sesuai dengan panjang retak yang diinginkan dan untuk pembuatan retak 
fatigue pembuatannya dengan menggunakan gerg~ji tangan yang telah digerinda 
mata gergajinya hingga lancip untuk mendapatkan bentuk retak fatigue yang 
diinginkan. Bentuk dan ukuran retak yang digunakan adalah straight through 
notch. 
4.5 Kalibrasi 
Sebelum clip gauge dipasang pada spes1men compact tension 
~pecimens pada saat melakukan percobaan yang sesungguhnya, maka diperlukan 
suatu kalibrasi untuk mengecek kebenaran dari penentuan di~placement relatif 
dari kn?fe edge dengan pembacaan secara langsung strain indicator pada 
amplifier. Kalibrasi dilakukan dengan menempatkan clip gauge pada jangka 
sorong, seperti terlihat pada gambar 4.5. 
CUP GAUGE 
JANGKA. SORONG 
CUP<WJGE 
t 
JANGKA SORONG 
Gam bar 4.5 Pelaksanaan kalibrasi dengan jangka sorong 
Pelaksanaan kalibrasi ini dilakukan sebanyak 2 kali yaitu kalibrasi I dan 
kalibrasi II, masing-masing kalibrasi dilakukan sebanyak 3 kali eksperimen, 
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sehingga didapatkan rata-rata dari ketiga eksperimen tersebut. Dari data-data 
kalibrasi tersebut diperoleh persamaan regresi. Untuk mendapatkan hasil yang 
lebih baik, dalam pelaksanaan kalibrasi tersebut step atau pertambahan 
displacement pada jangka sorong harus kecil. Semakin kecil step yang diberikan 
semakin baik data yang diperoleh. 
4.6 Pengujian Tarik 
Pengujian tarik merupakan penguJlan statis yang dilakukan 
mendapatkan mechanical properties (sifat mekanis stat is) material , yaitu 
tegangan ultimate dan tegangan yield. Jumlah spesimen uji satu buah dan 
pengujian dilakukan pada te)nperatur ruang 30° C. Pengujian dilakukan dengan 
mesin uji statis (Un iversal Testing Machine). Dari pengujian statis tersebut akan 
didapatkan stress-strain diagram (diagram tegangan-regangan) 
Dari grafik dapat diketahui tegangan ultimate ( O"uJt) dan tegangan 
y ield ( cr,,). Tegangan ultimate merupakan tega.1gan yang tertinggi yang dapat 
diterima material , sedangkan tegangan yield adalah merupakan batas daerah 
elastis dengan daerah plastis . Seca;-a gr&fis tcgangan y idd dapat ditentukan dari 
diagram tegangan-regangan dimana pada titik tersebut beban tertahan atau turun 
sedikit, kemudian naik lagi hingga mencapai beban maksimum. Pada beberapa 
material titik yield tidak terlihat. Untuk mengetahui besamya teganga.n yield ( crys) 
pada ma~erial tersebut, yaitu dengan menggunakan metode offset yang, mengacu 
pada ASTM E ~M-85 , dimana untuk bahan yang tidak mempunyai titik luluh 
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yang tidak dapat ditentukan secara baik, maka dengan menggunakan metode 
(~ff!.;e t ini dapat ditentukan besamya yield strenght (offset = 2 % ). 
4.7 Pengujian Kepecahan 
Pengujian kepecahan (fracture test) dilakukan dengan menggunakan 
metode Crack Opening Di.\placement (COD) yang selanjutnya nanti dapat 
digunakan untuk menentukan hargajracture toughness (Kk). Pengujian dilakukan 
pada temperatur ruang (30° C). Pengujian dilakukan dengan mesin uji statis 
(Universal t esting Machine). Bentuk spesimen adalah compact tension .\pecimen 
atau CT :-,pesiment sesuai dengan standard ASTM E 399 - 83 . 
Langkah perhitungan dalam menentukan harga K1c : 
1. Dari hasil pengujian didapat grafik Load-Di:-,placement. 
2. Dari grafik Load-Di.splacemenl dibuat garis scan ofj..~el 5 % sehingga 
didapat harga P <.r 
3. Perhitungan K0 dengan rumus sebagai berikut : 
K - - -P0 (a) 
Q - BWI /2 f w 
!(; )+~<; r -185{; r +m{; r -101{; r +638{; f] 
Untuk besamya ~;) untuk masing-masing nila{; ) adalah 
sebagai berikut: 
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Tabel 4.1 . Hubungan anra f{;) dengan (;) . 
a/W f(a/W) 
0.500 9.60 
0.505 9.68 
0.510 9 90 
0.515 10 05 
0.520 10.21 
0.525 10.37 
0.530 10.54 
0.535 10.71 
0.540 10.89 
0.545 1!07 
0.550 1126 
Dimana: 
PQ = Beban yang ditentukan (kN) 
B = Tebal spisemen (em) 
W =Lebar efektif(em) 
A = Panjang retak (em) 
4. Menentukan kriteria ukuran dimensi dari sp1semen untuk 
menentukan harga ~yang ditetapkan sebagai nilai K1c . 
a?: 2.5(KQ J2 
(Jys 
B?: 2.5(KQ J2 
(Jys 
w?: s.o(KQ ]2 
(Jys 
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5. Apabila harga perhitungan sesuai dengan di atas maka harga Kq = K1c: 
-----sedangkan jika tidak maka dipakai strength ratio R untuk menghitung 
ketangguhan material. 
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Ana/isis dan Pemhahasan Hasil Pengujian V-
BABY 
ANALISIS DAN PEMBAHASAN HASIL PENGUJlAN 
5.1 Pengumpulan Data Hasil Pengujian. 
Data-data dari kalibrasi clip gauge yang dilakukan untuk mengecek 
kebenaran dari displacement relatif knife edge dengan pembacaan secara langsung 
strain indikator pada amplifier adalah sebagai berikut: 
Kalibrasi I 
Skala pada jangka sorong yang digunakan : 
Minimum : 7.00 mm 
Maksimum :9.00 mm 
Step atau langkah :0.20 mm 
TabeiS.l Hasil kalibrasi I. 
No Displasmen Langkah CG 1 CG2 CG3 CG rata-rata 
1 7.0 0.0 1815 1608 1115 1513 
2 7.2 0.2 2053 1970 1596 1873 
.., 7.4 0.4 2640 2510 2161 2437 .) 
4 7.6 0.6 3102 2960 2700 2921 
5 7.8 0.8 3554 3440 3180 3391 
6 8.0 1.0 3983 3800 3630 3804 
7 8.2 1.2 4350 4230 4101 4227 
8 8.4 1.4 4686 4604 4600 4630 
9 8.6 1.6 5280 4983 5150 5138 
10 8.8 1.8 5718 5294 5570 5527 
11 9.0 2.0 6182 5693 5920 5932 
Dari tabel 5.1 kalibrasi I maka didapatkan persamaan regres1 sebagai 
berikut: Y = 2223.7576 X+ 29.2 
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Kalibrasi II 
Skala pada jangka sorong yang digunakan : 
Minimum : 6.00 mm 
Maksimum :9.00 mm 
Step atau Jangkah : 0.2 mm 
Tabel 5.2. Hasil kalibrasi II. 
No Displasmen Langkah CG1 CG2 CG3 CG rata-rata 
1 6.0 0.0 -2056 -1870 -2650 -2192 
2 6.2 0.2 -1652 -1400 -2120 -1724 
3 6.4 0.4 -1140 -659 -1550 -1116 
4 6.6 0.6 -570 -30 -930 -510 
5 6.8 0.8 -30 380 -360 -3 
6 7.0 1.0 660 1030 130 607 
7 7.2 1.2 1230 1640 660 1177 
8 7.4 1.4 1850 2200 1200 1750 
9 7.6 1.6 2307 2750 1640 2232 
10 7.8 1.8 2800 3200 2108 2703 
11 8.0 2.0 3320 3770 2620 3237 
12 8.2 2.2 3850 4340 3070 3753 
13 8.4 2.4 4510 4910 3650 4357 
14 8.6 2.6 5000 5240 4260 4833 
15 8.8 2.8 5509 5770 4870 5383 
16 9.0 3.0 6000 6140 5730 5957 
Dari tabel 5.2 kalibrasi II maka didapatkan persamaan regres1 sebagai 
berikut: Y = 2704.1071 X - 41 .0508 
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Uji tarik dilakukan untuk mendapatkan acuan dalam penentuan skala 
pembebanan yang dipakai untuk ji-acture test. Pengujian ini dilakukan pada 
temperatur ruang (30° C). Rumus yang digunakan untuk perhitungan yield stress 
dan ultimate stress adalah : 
pv 
CY = -· x 102 [kgf/mm2] 
y A 
0 
p 
CY" = -;f x I 02 [kgf/mm2] 
0 
Hasil uji tarik adalah sebagai berikut : 
Tabel 5.3. Hasil uji tarik. 
Tebal Lebar Luas A0 . ·.· p Yield P Ultimate 
(mm) (mm) (mm2) (kN) (kN) 
12.5 17.5 218.75 107.5 159 
[5.1] 
(5.2] 
crvield crultimate 
(kgf/mm2) (kgf/mm2) 
50.13 74.14 
Dari hasil uji tarik ditentukan memakai skala pembebanan 100 kN pada mesin uji 
statis (Universal Testing Machine) untuk fracture test dengan pencatatan 
displacement setiap penambahan beban 2 kN. 
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Hasil dari ji-acture test diperoleh data-data sebagai berikut yang kemudian 
digunakan untuk membuat kurva Load-DL\placement. 
Tabel 5.4. Data hasil}i"acture toughness spesimen I A. 
Material uji I A 
B (tebal matrial) 1.750 em 
a (panjang retak) 1.925 em 
W (Iebar efektit) 3 .500 em 
Potensial 0 mVSCC 
Beban Clip Gauge Langkah Kalibrasi 1 Kalibrasi 2 Displaeemen rata-rata 
(kN) (mm) (mm) (mm) 
0 -2821 0 0 0 0 
2 -2677 144 0.052 0 038 0.045 
4 -2537 284 0.115 0.090 0.102 
6 -2396 425 0.178 0.142 0 .160 
8 -2247 574 0.245 0.197 0.221 
10 -2090 731 0.316 0.255 0.285 
12 -1896 925 0.403 0.327 0.365 
14 -1671 1150 0.504 0.410 0.457 
16 -1409 1412 0.622 0.507 0.564 
18 -948 1873 0.829 0.677 0.753 
20 1144 3965 1.770 1.451 1.610 
20.4 3210 6031 2.699 2.215 2.457 
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Tabel 5.5. Data hasil.fi'acture 10ughness spesimen I B. 
Material uji 1 B 
B (tebal matrial) 1.750 em 
a (panjang retak) 1.925 em 
W (Iebar efektit) 3.500 em 
Potensial 0 mVSCC 
Beban Clip Gauge Langkah Kalibrasi I Kalibrasi 2 Displaeemen rata-rata 
(kN) (mm) (mm) (mm) 
0 -1724 0 0 0 0 
2 -1547 177 0.066 0.050 0.058 
4 -1378 346 0.142 0.113 0.128 
6 -1193 531 0.226 0.181 0.203 
8 -1027 697 0.300 0.243 0.271 
10 -850 874 0.380 0.308 0.344 
12 -628 1096 0.480 0.390 0.435 
14 -355 1369 0.602 0.491 0.547 
16 -28 1696 0.750 0.612 0.681 
18 500 2224 0.987 0.807 0.897 
20 2350 4074 1.819 1.491 1.655 
21 4158 5882 2.632 2.160 2.396 
Tabel 5.6. Data hasiljracture toughness spesimen II A. 
Material uji :II A 
B (tebal matrial) 1.750 em 
a (panjang retak) : 1.925 em 
W (Iebar efektit) 3.500 em 
Potensial . -850 mVSCC 
Beban Clip Gauge Langkah Kalibrasi 1 Kalibrasi 2 Displaeemen rata-rata 
(kN) (mm) (mm) (mm) 
0 -2052 0 0 0 0 
2 -1863 189 0.072 0.055 0.063 
4 -1693 359 0.148 0.118 0.133 
6 -1537 515 0.218 0.175 0.197 
8 -1338 714 0.308 0.249 0.278 
10 -1152 900 0.392 0.318 0.355 
12 -886 1166 0.511 0.416 0.464 
14 -541 1511 0.666 0.544 0.605 
16 -32 2020 0 .895 0.732 0 814 
17 984 3036 1.352 1.108 1 230 
17.8 3756 5808 2.599 2.133 2.366 
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Tabel 5. 7 Data hasil fracture toughness spesimen II B. 
Material uji • 11 B 
B (tebal matrial) 1750 em 
a (panjang retak) 1.925 em 
W (Iebar efektif) 3.500 em 
Potensial . -850 mVSCC 
Be ban Clip Gauge Langkah Kalibrasi I Kalibrasi 2 Displaeemen rata-rata 
(kN) (mm) (mm) (mm) 
0 -2229 0 0 0 0 
2 -2048 181 0.068 0.052 0.060 
4 -1896 333 0.137 0.108 0.122 
6 -1768 461 0.194 0.155 0.175 
8 -1595 634 0.272 0.219 0.246 
10 -1407 822 0.357 0.289 0.323 
12 -1200 1029 0.450 0.365 0.407 
14 -960 1269 0.558 0.454 0.506 
16 -618 1611 0.711 0.581 0.646 
18 298 2527 1.123 0.919 1.021 
19 3649 5878 2.630 2.159 2.394 
Tabel5.8. Data hasilfracture toughness spesimen III A. 
Material uji IliA 
B (tebal matrial) 1.750 em 
a (panjang retak) 1.925 em 
W (Iebar efektif) 3.500 em 
Potensial -950 mVSCC 
Beban Clip Gauge Langkah Kalibrasi 1 Kalibrasi 2 Displaeemen rata-rata 
(kN) (mm) {rnm) (mm) 
0 -2120 0 0 0 0 
2 -1946 174 0.065 0.049 0.057 
4 -1781 339 0.139 0.110 0.125 
6 -1652 468 0197 0.158 0.178 
8 -1509 611 0.262 0.211 0.236 
10 -1322 798 0.346 0.280 0.313 
12 -1120 1000 0.437 0.355 0.396 
14 -883 1237 0.543 0.442 0.493 
16 -559 1561 0.689 0.562 0.625 
18 98 2218 0.984 0.805 0.895 
19 1865 3985 1.779 1.459 1.619 
19.3 3480 5600 2.505 2 056 2.280 
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Tabel 5.9. Data hasiljracture toughness spesimen lil B. 
Material uji 1118 
B (tebal matrial) 1750 em 
a (panjang retak) 1.925 em 
W (Iebar efektif) 3.500 em 
Potensial -950 mVSCC 
Beban Clip Gauge Langkah Kalibrasi 1 Kalibrasi 2 Displaeemen rata-rata 
(kN) (mm) (mm) (mm) 
0 -3967 0 0 0 0 
2 -3800 167 0.062 0.047 0.054 
4 -3690 277 0.111 0.087 0.099 
6 -3532 435 0.182 0.146 0.164 
8 -3381 586 0.250 0.202 0.226 
10 -3172 795 0.344 0.279 0.312 
12 -2953 1014 0.443 0.360 0.401 
14 -2685 1282 0.563 0.459 0.511 
16 -2282 1685 0 .745 0.608 0.676 
18 -420 3547 1.582 1.297 1.439 
18.6 1600 5567 2.490 2.044 2.267 
Tabel 5.10. Data hasil.fracture toughness spesimen IV A. 
Material uji lV A 
B (tebal matrial) 1.750 em 
a (panjang retak) 1.925 em 
W (Iebar efektif) 3.500 em 
Potensia1 -1050 mVSCC 
Beban Clip Gauge Langkah Kalibrasi 1 Kalibrasi 2 Disp1aeemen rata-rata 
(kN) (mm) (mm) (mm) 
0 -1876.000 0 0 0 0 
2 -1730.000 146 0 .053 0.039 0.046 
4 -1574.000 302 0.123 0.097 0 .110 
6 -1442.000 434 0.182 0.145 0 .164 
8 -1293 .000 583 0.249 0.200 0.225 
10 -1110.000 766 0.33 1 0.268 0.300 
12 -908.000 968 0.422 0.343 0.382 
14 -668 .000 1208 0.530 0.432 0.481 
16 -345 .000 1531 0.675 0.551 0.613 
18 467.000 2343 1.040 0.851 0.946 
18.8 3500.000 5376 2.404 1.973 2.189 
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Tabel S.ll. Data hasil.fi"acture toughness spesimen IV B . 
Material uji IV B 
B (tebal matrial) 1750 em 
a (panjang retak) 1.925 em 
W (Iebar efektit) 3.500 em 
Potensial -1050 mY SCC 
Be ban Clip Gauge Langkah Kalibrasi 1 Kalibrasi 2 Displaeemen rata-rata 
(kN) (mm) (mm) (mm) 
0 -2577 0 0 0 0 
2 -2426 !51 0.055 0.041 0.048 
4 -2279 298 0.121 0.095 0.108 
6 -2127 450 0.189 0.151 0.170 
8 -1966 611 0.262 0.211 0.236 
10 -1787 790 0.342 0.277 0.310 
12 -1588 989 0.432 0.351 0.391 
14 -1361 1216 0.534 0.435 0.484 
16 -1087 1490 0.657 0.536 0.596 
18 -508 2069 0.917 0.750 0.834 
19 880 3457 1.541 1.263 1.402 
19.6 2880 5457 2.441 2.003 2.222 
Tabel5.12. Data hasil.frac/ure toughness spesimen VA. 
Material uji VA 
B (tebal matrial) 1.750 em 
a (panjang retak) 1.925 em 
W (Iebar efektit) 3.500 em 
Potensial -1150 mVSCC 
Beban Clip Gauge Langkah Kalibrasi 1 Kalibrasi 2 Displaeemen rata-rata 
(kN) (mm) (mm) (mm) 
0 -2783 0 0 0 0 
2 -2630 153 0.056 0.041 0.049 
4 -2483 300 0.122 0.096 0.109 
6 -2322 461 0.194 0.155 0.175 
8 -2140 643 0.276 0.223 0.249 
10 -1935 848 0.368 0.298 0.333 
12 -1717 1066 0.466 0.379 0.423 
14 -1468 1315 0.578 0.471 0.525 
16 -1123 1660 0.733 0.599 0.666 
18 -90 2693 1.198 0.981 1.089 
18.8 2480 5263 2.354 1.931 2.142 
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Tabel 5.13. Data hasi!.fi·acture toughness spesimen V B . 
Material uji v 8 
B (tcbal matrial) 1.750 em 
a (panjang retak) 1.925 em 
W (Iebar efektit) 3.500 em 
Potensial -1150 mVSCC 
Beban Clip Gauge Langkah Kalibrasi 1 Kalibrasi 2 Displaeemen rata-rata 
(kN) (mm) (mm) (mm) 
0 -2382 0 0 0 0 
2 -2231 151 0.055 0.041 0.048 
4 -2079 303 0.123 0.097 0.110 
6 -1925 457 0.192 0.154 0.173 
8 -1760 622 0.267 0.215 0.241 
10 -1574 808 0.350 0.284 0.317 
12 -1370 1012 0.442 0.359 0.401 
14 -1138 1244 0.546 0.445 0.496 
16 -835 1547 0.683 0.557 0.620 
18 -126 2256 1.001 0.819 0.910 
19 1760 4142 1.849 1.517 1.683 
19.2 2800 5182 2.317 1.901 2.109 
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Load(kN) Specimen I A 
25 
10~---~·----------------------------------------------
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 
Displacement (mm) 
Gambar 5.1. Grafik load-displacement spesimen 1 A 
Load(kN) Specimen I B 
25 '""'"'''''""'"'"""'""'"''""'"'"'""''·"""""""""'""""·'""-'"'•'•""'"""•'"'" ·"••"·""""" 
10~-----,.~-----------------------------------------
! 
i 0 0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 
L Displacement (mm) 
Gambar 5.2. Grafik load-displacement spesimen I B 
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Load (kN) Specimen UA 
25 
20 ---
5~-~~---------------------------------------------
0 0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 
Displacement (mm) 
Gambar 5.3. Grafik load-displacement spesimen ll A 
load (kN) Specimen II B 
20~--------------------------------------------------
10~------Af--------------------------------------------
0 0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 
Displacement (mm) 
'------------
Gambar 5.4. Grafik load-displacement spesimen ll B 
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0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 
Displacement (mm) 
Gambar 5.5. Grafik load-displacement spesimen III A 
Load (kN) 
25 
Specimen Ill B 
20i-------------------------------------------------
0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 
Displacement (mm) 
Gambar 5.6. Grafik load-displacement spesimen III B 
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,--- ------------ ------
Load (kN) Specimen IV A 
25 
201--------------- -- --------
101--~.---------------------
0 0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 
Displacement (mm) 
Gam bar 5. 7. Grafik load-di:o,placemem spesimen IV A 
Load {kN) Specimen IV B 
25 w·~··~·--·- 'l 
l 
10~-~f~------------------------l 
0 0.2 0.4 0.6 0.8 1.2 1 .4 1 .6 1.8 2 2.2 2.4 2.6 
Displacement (nm) 
Gambar 5.8 . Grafik load-displacement spesimen IV B 
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Load (kN) Specimen V A 
25 
------- -- - -
15-i--~ 
0.2 0.4 0.6 0.8 12 1.4 1.6 1.8 2 2.2 2.4 2.6 
Displacement (mm) 
Gambar 5.9_ Grafik load-displacemenl spesimen VA 
Load(kN) 
25 
0.2 0.4 0.6 0.8 
Specimen VB 
1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 
Displacement (mm) 
Gambar 5.10 Grafik load-displacement spesimen VB 
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• 
Hasil perhitungan K1c untuk masmg-masmg spestmen adalah sebagai 
berikut: 
Tabel5.l4. Hasil perhitungan K0 
Material uji B w a aiW f(a!W) Kzi 
(em) (em) (em) (kN/cm312) 
!A 175 3.5 1.925 0.550 11 .260 41.271 
IB 1.75 3.5 1.925 0.550 11.260 41.271 
IIA 1.75 3.5 1.925 0.550 11.260 41.271 
liB 175 3.5 1.925 0.550 11.260 41.271 
lliA 1.75 3.5 1.925 0.550 11 .260 41.271 
IIIB 1.75 3.5 1.925 0.550 11.260 39.552 
IVA 1. 75 3.5 1.925 0.550 11.260 41.271 
IVB 175 3.5 1.925 0.550 11.260 37.832 
VA 1.75 3.5 1.925 0.550 11 .260 34.393 
VB 1.75 3.5 1.925 0.550 11 .260 34.393 
Tabel5.15. Hasil perhitungan Krc 
Material Uji B w a 2.5 (K1c/crys)2 5.0 (K1c/oys)2 K!c 
(em) (em) (em) (em) (em) (kN/em312) 
IA 1.75 3.5 1.925 1.694 3.389 Krc = Ko 
IB 1.75 3.5 1.925 1.694 3.389 Krc = Ko 
IIA 1.75 3.5 1.925 1.694 3.389 Krc = Ko 
IIB 1.75 3.5 1.925 1.694 3.389 Krc = Ko 
IliA 175 3.5 1.925 1.694 3.389 Ktc = Ko 
liiB 1.75 3.5 1.925 1.556 3.112 Krc =Ko 
IV A 1.75 3.5 1.925 1.694 3.389 Krc = Ko 
IV B 1.75 3.5 1.925 1.424 2.848 Krc = Ko 
VA 1.75 3.5 1.925 1.177 2.353 Ktc = Ko 
VB 1.75 3.5 1.925 1.177 2.353 Krc= Ko 
Maka hasil perhitungan harga K1c masing-masing material UJI 
adalah sebagai berikut: 
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Tabel5.l6 Hasil perhitungan harga K1c material uj i. 
Potensial Material KJc K1c ata-rata 
mV SSC) (kN/cm312) (kN/cm312) 
0 lA 41 .271 41.271 
18 41.271 
-850 IIA 41 .271 41.271 
118 41 .271 
-950 Ill A 41.271 40.411 
Ill 8 39.552 
-1050 IVA 41 .271 39.552 
IVB 37.832 
-1150 VA 34.393 34.393 
VB 34.393 
42 ,--------------------------------------------
40 +--------------~----~~=--~~----------·--
38 +------,~---. --
~ +---------------------------- ~ 
34 +-----------------------
32 +-------------------------
30 +---------,-----------,---------., 
0 -850 
-1050 -950 
Potensial c___ __________________________________ -
Gambar 5.11 Grafik nilai K1c material uji 
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Hasil pengujian fracture toughness menunjukkan adanya hubungan 
antara perubahan potensial yang semakin negatif terhadap ketangguhan material 
fj Teknik Perkapalan-ITS Tugas Akhir (KP 170 I) 
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baja SS-41. Hal ini bisa dilihat dari tabel 5.17 yang menunjukkan prosentase 
perubahan nilai K1c masing-masing spesimen yang mendapat perlakuan over 
protection ICCP terhadap spesimen yang tidak diberi potensial negatif. 
Tabel 5.17. Hubungan antara potensial dengan perubahan harga K1c. 
Potensial L\ K1c rata-rata 
_{_mV SCC) (%) 
0 0 
-850 0 
-950 
-2.08 
-1050 
-4.17 
-1150 
-16.67 
Dalam saJian grafik, prosentase perubahan tersebut dapat dilihat pada 
gambar berikut : 
0 ,---.---.-~~-,-------,------.------, 
-2 +--_.::co ___ ---==:.:=_-----'~~--~:=..:::_ _ __,___,_,:=..:::__ 
4 +-------------~-.----------­
~ 7---------------------------~--------­
~ +-----------------------------~\---------
-10 +--------------------\-----
-12 +-------------------\- --
-14 +--------------------------------\~---
-16 +-------------------------------~~--
-18 -'---------------------
Potensial 
Gambar 5.12 Hubungan nilai potensial negatifterhadap prosentase perubahan K 1c baja SS 41. 
Dari gambar 5.11 terlihat adanya hubungan antara pemberian 
potensial yang semakin negatif terhadap penurunan nilai K1c baja SS-41 . Pada 
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proses perlindungan katodik dengan impressed current cathodic protection, 
kecepatan reaksi katodik menjadi semakin tinggi yang mempercepat pula 
terjadinya evolusi hydrogen yang menghasilkan gas hydrogen maupun ion 
hydrogen yang dapat terdifusi kedalam material. 
Penurunan toughness material yang diberi potensial negatif seperti 
yang telihat pada gambar 5.11 diatas dapat dijelaskan sebagai berikut : media 
utama korosi adalah air (H20) yang merupakan molekul netral dan reversible, 
dimana kedua jenis atom yang membentuk molekul air sewaktu-waktu dapat 
terurai menjadi atom-atom semula. Ion-ion hydrogen yang terbentuk dari proses 
penguraian air tersebut bergerak mendekati perrnukaan material uji yang lebih 
katodik, ion-ion hydrogen ini akan dapat mengikat elektron-elektron yang berada 
di perrnukaan logam membentuk atom hydrogen tunggal. Atom hydrogen hanya 
memiliki satu buah proton sehingga atom hydrogen adalah atom yang paling 
kecil. Karena sifat hydrogen yang memiliki kecenderungan yang tinggi untuk 
terserap kedalam atau keluar melalui perrnukaan material, atom tunggal hydrogen 
dapat masuk kedalam material uji. Atom tunggal hydrogen adalah bentuk yang 
tidak stabil, sehingga atom-atom hydrogen yang terkumpul didalam bulk metal 
cenderung untuk mencapai kestabilan dengan membentuk gas hydrogen (H2) .. 
Dalam bentuk molekul, gas hydrogen tidak dapat terdifusi melalui kisi-kisi logam 
sehingga tekanan dalam bulk metal akan meningkat. Semakin lama tekanan akan 
semakin tinggi sehingga dapat mengakibatkan terjadinya gelembung dan 
timbulnya retak-retak halus pada material , hal ini menurunkan ductility yang 
berarti turunnya ketangguhan (toughness) material tersebut. 
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Semakin tinggi potensial negatif yang diberikan pada proses 
perlindungan katodik dengan ICCP, semakin cepat reaksi evolusi hydrogen yang 
terjadi, hal ini berarti semakin banyak hydrogen yang terbentuk sehingga hidrogen 
yang terdifusi kedalam material semakin banyak. Perbedaan konsentrasi hydrogen 
yang terbentuk dan terdifusi kedalam material itulah yang menyebabkan adanya 
perbedaan prosentase penurunan nilai K1c untuk pemberian potensial negatif yang 
berbeda. 
Pemberian potensial negatif yang berlebihan dapat menyebabkan 
penurunan fracture toughness baja SS-41. Pada pengujian ini diperoleh data 
penurunan ketangguhan antara 2;08 % sampai dengan 16,67 % setelah material 
baja SS-41 mendapat perlakuan perlindungan korosi metode impressed current 
cathodic protection (ICCP) dengan pemberian potensial negatif yang berlebihan 
(over protection) selama 7 hari (168 jam). 
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Kesimpulan Jan ,)'aran 
6.1 Kesimpulan 
BABVI 
KESJM-PULAN DAN SARAN 
VI-
Impressed Current Cathodic Protection (ICCP) atau potensial 
perlindungan katodik arus terpasang adalah salah satu metode perlindungan 
korosi yang dipakai pada bangunan laut. Prinsip metode ini adalah menjadikan 
material yang akan dilindungi bertindak sebagai katoda dalam sel korosi dengan 
memberikan potensial negatif pada material tersebut. Semakin besar potensial 
negatifyang diberikan maka laju korosi akan semakin berkurang. 
Pemberian potensial negatif yang berlebihan (over protection) pada baja 
SS-41 menyebabkan penurunan ketangguhan (toughness) material tersebut yang 
ditunjukkan oleh penurunan nilai plain strain fracture thoughnes (K1c) material 
yang disebabkan adanya hydrogen damage pada material. 
Penurunan ketangguhan material semakin besar dengan semakin tingginya 
potensial negatif yang diberikan terhadap material. Penurunan terbesar (16,6 7 %) 
terlihat pada pemberian potensial negatif -1150 m v sse. 
6.2 Saran 
Fasilitas perlindungan korosi dengan metode Impressed Current Cathodic 
Protection (ICCP) hendaknya dilengkapi dengan peralatan yang dapat mengontrol 
besamya potensial perlindungan yang diberikan agar tidak terjadi over protection 
yang bisa memicu terjadinya kegagalan pada struktur. 
I) Teknik Perkapalan-ITS Tugas Akhir (KP /701) 
Kesimpulan dan Saran VI- 2 
Perlindungan korosi pada struktur ada yang menggabungkan metode 
lapisan pelindung (coating) dan Impressed Current Cathodic Protection (lCCP). 
Sebagai kelanjutan dari tugas akhir ini, perlu adanya penelitian lebih lanjut untuk 
mengetahui pengaruh potensial negatif dari ICCP terhadap daya lekat lapisan 
pelindung. 
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Standard Methods for 
TENSION TESTING OF METALLIC MATERIALS [METRICr 
Thi~ standard is issued under th.c fixed d.:signation E 8M: the num ber immcd i~tc l y fo llowing the designation inOic~lt~ the year of 
origi nal adoption or, in the ca~ of re ... ision. the yea r of last revision. A numhcr in parentheses indicates the ye~.tr nf last reapproval. 
A surx:r~ript epsilon (t) indica tes an editoria l cha nge since the last re vision or rcapproval. 
Thew• method.< ha•·e heen apf>rm·ed fo r IN' hy OKencies oft he Department of De/<'nH'to replace method 211 .1 of Federal T,•st Method 
Standard 1\'o. 15 /b and for li.llinK in the DoD Index of Specification.< and Standard.<. 
"NoTE- Editorial change-s were made thro ugho ut in March 1986. 
I. Scope 
1.1 Th~se methods cGve r tl.c tension testing 
of metallic materials in any form at room tem-
perature, specifically, the methods of determi-
nation of yield strength, yield point, tensile 
strength, elongation, and reduction of area. 
NOTE 1-This specification is the metric compan-
ion of Methods E 8. · 
NOTE 2-These metric methods are essentially the 
same as those in Methods E 8, and are compatible in 
technical content except that gage lengths are required 
to be 50 for most round specimens rather than 40 as 
specified in Methods E 8. 
NOTE 3-Exceptions to the provisions of thest: 
methods may need to be made in individual specifica-
tions or test methods for a particular material. For 
examples, see Methods and Definitions A 370 and 
Methods B 577M. 
NOTE 4-Room temperature sl.all be considered to 
be I 0 to 38"C unless otherwise specified. 
1.2 This standard may inroire ha::ardous ma-
terials. operations. and equipment. This standard 
does not purport to address all rJ( the safety prob-
lems associated ll'ith its use. lr is the responsibil-
ity of ll'hoever uses this standard to cr•nsult and 
establish app,opriate sat(·n· and health practices 
and determine the apt•limhilit_\· o( regulator;, limi-
tations prior to use. 
2. Applicable Document~ 
2.1 AST.\1 StandarJ , 
A 356 Soecification for H~a\y-Walled, Car-
bon, Low Alloy. and Statnk~s Stt't'l Castings 
for Steam Turbint"·s: 
A 370 Methods and DdinJtt,,ns fnr \lcchani-
cal TestingofSted Product\' 
B 557M MethodsofTension l"r\lin~ Wrought 
and Cast Aluminum- and Magnesium-Alloy 
Products [,\lctric]' 
E 4 Practices for Load Verification of Testing 
Machincs5 
E 6 Definitions of Terms Relating to Methods 
of Mechanical Testing5 
E 29 Recommended Practice for Indicating . 
Whic~ Places of Figures Are to Be Consid-
ered Significant in Specified Limiting Val-
ues6 
E 83 Practice for Verification and Classifica-
tion of Extensometers5 
t: 345 Methods of Tension Testing of Metallic 
Foil 5 
3. Definitions 
3.1 The definitions of terms relating to tension 
testing appearing in Definitions E 6 shall be con-
sidered as applying to the terms used in these 
methods of tension testing. 
4. Significance and Use 
4. 1 Tension tests provide information on the 
strength and ductility of materials under uniaxial 
tensile stresses. This information may be useful 
in comparisons of materials, alloy development, 
1 These methods are u~der the ;"risdi:tioo of AS-:-'.1 Corr:-
mitte.: E-28 on Mecha ~i oa! Testing and an: the di""-"1 responsi-
bilit)' of Subcommittee E28.04 on Tension Testing. 
CurTcnt edition approved April 26 . 1985. Published June 
1985. Originally published as E 8M- 84. last pre1iou' edition 
E 8'.1 - 84a. 
'Annual Bt~•k (I(AST.\1 Standards. Vol 01.02. 
'Annual B<">k o(AST.I/ Standards. Vol 01.04. 
'Annual a,_.k <1/AST.\1 Standards. Vols 02.02 and 03.01. 
' _j nnual B<"•k <>(AST.\1 Standards. Vol 03.01. 
' A nnual BMk ,;(AST.\1 Standards. Vols 03.01 and 14.02. 
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Lluality control, and design under certain circum-
stances. 
4.2 The results of tension tests of specimens 
machined to standardized dimensions from se-
lected portions of a part or material may not 
totally represent the strength and ductility prop-
c:rtics of the entire end product or its in-service 
hch:avior in different environments. 
4.3 These methods are considcrd satisfactory 
for acceptance testing of commercial shipments. 
The methods have been used extensively in the 
trade for this purpose. 
5. :\pp'!r2tLoS 
5. 1 Testing Machines-Machines used for 
ten~ion testing shall conform to the requirements 
of Practices E 4. The loads used in determining 
te nsile strength, yield strength. or yield point shall 
he wit!1in the verified loading range of the testing 
machine as defined in Practices E 4. 
5.2 Gripping Devices: 
5".2.1 General- Various types of gripping de-
\· ices may be used to transmit the measured load 
applied by the testing machine to the test speci-
mens. To ensure axial tensile stress within the 
gage length, the axis of the test specimen should 
coincide with the center line of the heads of the 
testing machine. An y departure from this re-
quirement may introduce bending stresses that 
:.tre not included in the usual stress computation 
rload divided by cross-sectional area). 
NOTE 5-The effect of this eccentric loading may 
he illustrated by calculating the bending moment and 
stress thus added. For a standard 12.5-mm diameter 
specimen, the stress increase is 1.5% for each 0.025 
mm of eccentricity. This error increases to about 2.5 %/ 
0.025 mm for a 9-mm diameter specimen and to about 
.U 7< /0.025 mm for a 6-mm diameter specimen. 
5.2.2 Wedge Grips-Testing machines usu-
:.tlly are equipped with wedge grips. These wedge 
grip~ generally furnish a satisfac<ory rr.eans of 
grippin3 long specimens of dut:tile metal and flat 
plate test specimens such as those shown in Fig. 
I. If, however, for any reason, one grip of a pair 
:.tdvances farther than the other as the grips 
tighten , an undesirable bending stress may be 
tntroduced. When liners are used behind the 
wedges, they must be of the same thickness and 
their faces must be Oat and parallel. For best 
r..:sults. the wedges should be supported over their 
.:ntire lengths by the heads of the testing machine. 
This requires that liners 0f several thicknesses be 
~1\ · ailable to covc:r the range of sp.x-imen thick-
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ness. For proper gripping, it is desirable that the 
entire length of the serrated face of each wedge 
be in contact with the specimen. Proper align-
ment of wedge grips and liners is illustrated in 
Fig. 2. For short specimens and for specimens of 
many materials, it is generally necessary to usc 
machined test specimens and to use a special 
means of gripping to ensure that the specimens, 
when under load, shall be as nearly as possible 
in uniformly distributed pure axial tension (see 
5.2.3, 5.2.4, and 5.2.5). 
5.2.3 Grips for Threaded and Shouldered 
Specimens and Brillle Materials-A schematic 
Jiag~am 0f a g:ippi:-~g device for threaced-e:-~d 
specimens is shown in Fig. 3, while Fig. 4 shows 
a device for gripping specimens with shouldered 
ends. Both of these gripping devices should be 
attached to the heads of the testing machine 
through properly lubricated spherical-seated 
bearings. The distance between spherical bearings 
should be as great as feasible. 
5.2.4 G.-ips for Sheet Materials-The self-ad-
justing grips shown in Fig. 5 have proved satis-
factory for testing sheet materia!s that cannot be 
tested satisfactorily in the usual type of wedge 
grips. 
5.2.5 Grips for Wire-Grips of either the 
wedge or snubbing types as shown in Figs. 5 and 
6 or flat wedge grips may be used. 
5.3 Dimension-Measuring Del'ices-Microm-
eters and other devices used for measuring linear 
dimensions shall be accurate and precise to at 
least one half the smallest unit to which the 
individual dimension is required to be measured. 
6. Test Specimens 
6.1 General: 
6.1.1 Test specimens shall be either substan-
tially full-size or machined, as prescribed in the 
product ~pecifications for the material being 
tested. 
· 6.1.2 Improperly prepared test specimens of-
ten arc the reason for unsatisfactory and incorrect 
test results. It is important, therefore, that care 
be exercised in the preparation of specimens. 
particularly in the machining, to assure the de-
sired precision and bias in test results. 
6.1.3 It is desirable to have the cross-sectional 
.area of the specimen smallest at the cer.ter of the 
reduced section to ensure fracwre '.\ithin the g.age 
length. For this reason, a small taper is perrnined 
in the reduced section of each of the specimer.s 
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described in the following sections. 
6.1.4 For brittle materials it is desirable to 
have fillets of large radius at the ends of the gage 
length. 
6.2 Plate- Type Specimens-The standard 
plate-type specimen is shown in Fig. l. This 
specimen is used for testing metallic materials in 
the form of plate, shapes, and flat material having 
a nominal thickness of 5 mm or over. When 
product specifications so permit, other types of 
specimens may be used, as provided in 6.3, 6.4, 
and 6.5. 
6.3 Sheet-Type Spr•cimens: 
6.3. I The standard sheet-type test specimen is 
shown in Fig. I. This specimen is used for testing 
metallic materials in the form of sheet. plate, flat 
wire, strip, band, hoop, rectangles, and shapes 
ranging in nominal thickness from 0.13 to 16 
mm. When product specifications so permit, 
other types of specimtns may be used as provided 
in 6.2, 6.4, and 6.5. 
NOTE 6-Methods E 345 mav be used for tension 
testing of materials in thicknesseS up to 0.150 mm. 
6.3.2 Pin ends as shown in Fig. 7 may be used. 
In order to avoid buckling in tests of thin- and 
high-strength materials, it may be necessary to 
use stiffening plates at the grip ends. 
6.4 Round Specimens: 
6.4.1 The standard 12.5-mm diameter round 
test specimen shown in Fig. 8 is used quite gen-
erally for testing metallic materials, both cast and 
wrought. 
6.4.2 Figure 8 also shows small-size spe.cimens 
proportional to the standard specimen. These 
may be used when it is necessary to test material 
from which the standard specimen or specimens 
shown in Fig. I cannot be prepared. Other sizes 
of small, round specimens may be used . In any 
such small-size specimen. it is important that the 
gage lengt!1 for measurement of elongation he 
five times the diameter of the specimen. 
6.4.3 The shape of the ends of the specimen 
outside of the gage length shall be suitat>le to the 
material and of a shape to fit the holders or grips 
of the testing machine so that the loads may he 
applied axially. Figure 9 shows specimens with 
various types of ends that have gi,·cn satisfactor;. 
results. 
6.5 Specimens for Sheet. /'fat< Flw 11 ./ r,' . and 
Stri{r-Jn testialg sheet, plate. flat win: . .1n~ sllip 
one of the follov.ing types of s[l<:'cimt:n<. shall t>..· 
used: 
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6.5.1 For material ranging in nominal thick~ 
ness from 0.1.3 to 16 mtn, use the sheet-tYJi1 
specimen described in 6.3. . '-~ 
NoTE ?-Attention is called to the fact that eithet1 
of the flat specimens described in 6.2 and 6.3 may~ 
used for material fro in 5 to I 6 m m in thickness, arid-~ 
one of the round specimens described in 6.4 may also': 
be used for material L2.5 mm or more in thickness.·. --: 
6.5.2 For material having a nominal thickness~ 
of 5 mm or over :(Note 7), use the plate-type~ 
specimen described. in 6.2 . :z-_. 
6.5.3 For material having a nominal thickness 
of 12.5 mm or over (Note 7), use the largest 
practical size of specimen described in 6.4. 
6.6 Specimens for Wire. Rod. and Bar: 
6.6.1 For round wire and rod, test specimens ': 
having the full cross-sectional area of the wire or~ 
rod shall be used wherever practicable. The gage 
length for the measurement of elongation of wire 
less than 4 mm in Jiameter shall be a~ prescribed : 
in product specifications. In testing wire whicli; 
has a 4 mm or larger diameter, unless otherwisel 
specified, a gage length five times the diameter : 
(rounded to the nearest 5 mm) or greater shall _' 
be used. The total length of the:: specimens sh;ill ~ 
be at least equal to the gage length plus the length. 
of wire required for the full use of the grips 
employed. 
6.6.2 For wire of octagonal, hexagonal, or 
square cross section, for rod or bar of round cross 
section where the specimen required in 6.6.1 is 
not practicable, and for rod or bar of octagonal, 
hexagonal, or square cross section, one of the 
following types of specimens shall be used: 
6.6.2. i Full Cross Sec_tion (Note 8)-It is per-
missible to reduce the test section slightly with 
abrasive cloth or paper, or machine it sufficiently 
to ensure fracture within the gage marks. For 
material not exceeding 5 mm in di:1meter or 
distance between flats, the cro~s-sectional area 
may be reduced to not less than 90% of the 
original area without changing the shape of the 
cross section. For material over 5 mm !n diame-
ter or distance between flats, the diameter or 
distance between flats may be reduced by not 
more than 0.25 mm without changing the shape 
of the cross section. Square, hexagonal, or octag-
onal wire or rod not exceeding 5 mm between 
flats may be turned to a round having a cross-
sectional area not smalle; than 90 % of the area 
oi the maximum inscribed circle. Fillets, prefer-
at>ly with a radius of 10 mm , but not less than 3 
mm. shall be used at the ends of the reduced 
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sections. Square, he)(agonal, or octagonal rod 
over 5 mm between flats may be turned to a 
round having a diameter no smaller than 0.25 
11111, less than the original distance between flats . 
NoTE 8-The ends of copper or copper alloy speci-
mens may be nattened 10 to 50% from the original 
dimens ion in a jig similar to that shown in Fig. I 0, to 
lacili tate fracture within the gage marks. In nattening 
the orposi tc ends of the test specimen, care shall be 
taken to ensure that the four nattened surfaces arc 
para llel and that the two parallel surfaces on the same 
, ide of the axis of the test specimen lie in the same 
plane. 
(>.li.2 .2 For rod and bar. the largest practic:JI 
<> izc of round specimen as described in 6.4 may 
be used in place of a test specimen of full cross 
section. Unless otherwise specified in the product 
spec ification, specimens shall be parallel to the 
direct ion of rolling or extrusion. 
6. 7 Specimen:; for Rectangular Bar-In test-
in g rectangular bar one of the following types of 
specimens shall be used: 
6. 7 . I Full Cross Section-It is permissible to 
reduce the width of the specimen throughout the 
test section with abrasive cloth or paper, or by 
machining sufficiently to facilitate fracture 
within the gage marks, but in no case shall the 
reduced width be less than 90% of the original. 
The edges of the midlength of the reduced section 
not less than 20 mm in length shall be parallel to 
each other and to the longitudinal axis of the 
specimen within 0.05 mm. Fillets, preferably 
with a radius of 10 mm but not less than 3 mm, 
shall be used at the ends of the reduced sections. 
6. 7.2 Rectangular bars of thickness small 
..: nough to fit the grips of the testing machine but 
of too great width may be reduced in width by 
cu tting to fit the grips, after which the cut surfaces 
shall be machined or cut and smoothed to ensure 
failure within the desired section. The reduced 
width shall be not less than the original bar 
thick ness. Also, one of the !]pes o; specimens 
J..:scribed in 6.2, 6.3, and 6.4 may be used. 
6.8 Shapes. Structural and Other-In testing 
shapes other than those covered by the preceding 
sections, one of the types of specimens described 
111 6.2, 6.3, and 6.4 shall be used. 
6. 9 Specimens for Pipe and Tube: 
6.9. 1 The term "tube" is used to indicate tu-
hular products in general, and includes pipe, 
t~tbe. and tubing. 
6.9.2 For small tube, particularly sizes 25 mm 
J nd under in nominal outside diameter, and 
frequently for larger sizes, except as limited by 
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the testing equipment, it is standard practice to 
use tension test specimens of full-size tubular 
sections. Snug-fitting metal plugs shall be in-
serted far enough into the ends of such tubular 
specimens to permit the testing machine jaws to 
grip the specimens properly. The plugs shall not 
extend into that part of the specimen on which 
the elongation is measured . Figure II shows a 
suitable form of plug, the location of the plugs in 
the specimen, and the location of the specimen 
in the grips of the testing machine. 
6.9.3 For large-diameter tube that cannot be 
tested in full section, lo ngitudinal tc:1sion test 
specimens shall be cut as indicated ir, Fig. 12. 
Specimens from welded tube shall be located 
approximately 90" from the weld. If the tube-
wall thickness is under 20 mm, either a specimen 
of the form and dimensions shown in Fig. 13 or 
one of the small-size specimens proportional to 
the standard 12.5-mm specimen, as mentioned 
in 6.4.2 and shown in Fig. 8, shall be used. 
Specimens of the type shown in Fig. 13 may be 
tested with grips having a surface contour corre-
sponding ~o the curvature of the tube. When 
grips with curved faces are not available, the ends 
of the specimens may be flattened without heat-
ing. If the tube-wall thickness is 20 mm or over, 
the standard specimen shown in Fig. 8 shall be 
used. 
6.9.4 Transverse tension test specimens for 
tube may be taken from rings cut from the ends 
of the tube as shown in Fig. 14. Flattening of the 
specimen may be either after separating as in A, 
or before separating as in B. Transverse tension 
test specimens for large tube under 20 mm in 
wall thickness shall be either of the small-size 
specimens shown in Fig. 8 or of the form and 
dimensions shown for SD<-cimen 2 in Fig. 13. 
When using the latter specimen, either or both 
surfaces of the specimen may be machined to 
secure a uniform thickness, provided not more 
than 15 % of the normal wall thickness is re-
moved from each surface. For large tube 20 mm 
and over in wall thickness, the standard specimen 
shown in Fig. 8 shall be used for transverse 
tension tests. Specimens for transverse tension 
tests on large welded tube to determine the 
strength of welds shall be located perpendicular 
to the welded seams. with the welds at about the 
middle cftheir lengths. 
6.10 Specimens for Forgings-For testing 
forgings, the largest round specimen described in 
6.4 shall be used. If round specimens are not 
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feasible, then the largest specimen described in 
6.5 shall be used. 
6.1 I Specimens for Castings-In testing cast-
ings either the standard specimen shown in Fig. 
8 or the specimen shown in Fig. 15 shall be used 
unless otherwise provided in the product speci-
fications. 
6.1 1. 1 Tes~ coupons for castings shall be made 
as shown in Fig. 16 and Table I. 
6 . .1 2 Speci1nen for Malleable Iron-For test-
ing malleable -iron the test specimen shown in 
Fig. I 7 shall be used, unless otherwise provided · 
in the product specifications. 
6.13 Specimen for Die Castings-For testing 
die castings the test specimen shown in Fig. 1·8 
shall be used unless otherwise provided in the 
product specifications. 
6.14 Specimens for Powdered Metals-For 
testing powdered metals the test specimens 
shown in Figs. 19 and 20 shall be used, unless 
otherwise provided in the product specifications. 
6.15 Gage Length of Test_ Specimens-The 
gage length for the determination of elongation 
shall be in accordance with !he product specifi-
cations for the material being tested. Gage marks 
shall be stamped lightly with a punch, scribed 
lightly with dividers or drawn with ink as pre-
ferred . For material that is sensitive- to the effect 
of slight notches and for small specimens, the use 
of layout ink will aid in locating the original gage 
marks after fracture. 
6.16 Location o/Test Specimens: 
6.16.1 Unless otherwise specified, the axis of 
the test specimen shall be located as follows: 
6.16. 1.1 At the center for products 40 mm or 
less in thickness, diameter, or distance between 
flats. 
6.16.1.2 Midway from the center to the sur-
face for products over <tO mm in thickness. di-
am..:tet". or Jistance between flab. 
6.16.2 For forgings . specimens shall oc taken 
as pruvided in the applicable product specifica-
tions, either from the predominant or thickest 
part of the forging from which a coupon can be 
obtained. or from a prolongation of the forging. 
or from separately forged coupons representative 
of the forging. When not otherwise specified. the 
axis of the specimen shall be pa1 allel to the 
direction of grain flow. 
6.17 Swface Finish ()(Spccimcns-\\"hen ma-
terials are tested "ith surf act· conditiuns other 
than as manufactured . tht: surface finish of ihe 
----test specimens shall be as provided in the ap~ 
cable product specifications. ~:  
Non 9-Particular attention should be given to the::j 
uniformity and quality of surface finishes of specimensi 
for high strength and very low ductility materials since• 
this has been shown to be a factor in the variability of I 
test results. -i 
t 
... 
7. Procedures ~ 
,. 
··7.1 Measurement of Dimensions (?/Test Spec- ~ 
imens: 
7. 1.1 To determine the cross-sectional area or" 
a test specimen, measure the dimensions of the :;· 
cross section at the center of the reduced section.~ 
For referee testing of specimens under 5 mm in; 
their least dimension, measure the di~ensions-§ 
where the least cross-sectional area is found. ;; 
Measure and record the cross-sectional dimen-
sions of tension test specimens 5 mm and over . 
to the nearest 0.02 mm; the cross-sectional ~ 
mensions less than 5 mm and not less ~han 2.5~,­
min to the nearest 0.0 I mm; the cross-sectional 
dimensions less than 2.5 mm and not less than.li 
0.50 mm to the nearest 0.002 mm: and when~ 
practical, th:: cross-sectional dimen~ions less thanl 
0.50 mm to at least the nearest I % but in all~ 
cases to at least the nearest 0.002 mm. i 
NOTE tO-Measurements of dimensions presume~ 
smooth surface finishes for the specimens. Rough sur;~ 
faces due to the manufacturing process such as hot·.-' 
rolling, metallic coating, etc., may lead to inaccuracy_:: 
of the computed areas greater than the measured di-~..:: 
mensions would indicate. Therefore, cross-sectional di-'~ 
mensions of tension test specimens with rough surfaces ~ 
due to processin:; may te measure.:! and recorded to '; 
the neares• 0.02 mm. ' 
7. 1.2 Determine cross-sectio!1al areas of full- ; 
size test specimens of nonsymmetrir:al cross sec- ~: 
tions ty weighing a length not less than 20 times , 
the largest cross-sectional dimension and uiing c 
the value uf C:ensi<y uf tl1e material. Detc:rmine · 
the mass to the nearest 0.5 % or less. 
7.1.3 When using specimens of the type 
shown in Fig. 13 taken from tubes. the cross-
sectional area shall be determined as follows: 
If D/W ::s 6: 
A= ((11'/4) X (D 2 - W1) 1f2J + (([)1/4) 
x arcsin( II '/ D))- [( IV/4) x ((D- 2T)2 - w:l'nl 
- [((D - 2 T)/2)1 x arcsin( W/(D- ~ T))) 
where: 
.·1 = exact cross-sectional area, mm~. 
II' = width of the specimen in the reduced sec-
tion. mm. 
!LAMPl RAN 
f) measured ouisidc diameter of the tube, 
111m , and 
r measured wall th ickn ess of the specimen . 
mm . 
~res in values to be in radia ns 
If !Jj W > 6. the exact eq uati on or the foll owi ng 
equation ma y he used: 
ii=II'X T 
where: 
= approximate cross-sectional area. 111m 2• 
11 · width of the specimen in the reduced sec-
ti on. mm , and 
l measured wa ll thi ck ness of the specimen. 
mm. 
7.2 Speed r~{Test ing. 
7.2. 1 Speed of testi ng may oc defi ned (a) in 
terms of rate of stra ining the spec imen. (h ) in 
te rms of rate of stressing the speci men. (c) in 
terms of the elapsed time for completing pan or 
all of the test, (d) in terms of ra te of separation 
of the two heads of th~ testing machine during a 
test. or (e) in terms of free-running cross head 
speed (rate of movement of the crosshead of the 
testing machine when not under load). 
Non 11-For some materia ls. the free-running 
crosshcad speed, which is the least accurate, mav be 
adequate, while for other material s one of the others, 
listed in decreasing o rde r of prec ision. may be necessa ry 
in order to obta in test values within acceptable limits. 
7 .2. 1.1 Specifying suitable numerical limits 
for speed and selection of the method are the 
responsi bilities of the prod uct committees. Suit-
able limits for speed of testing should be specified 
for materials for which the ditTerences resulting 
from the usc of ditTerent testing speeds are of 
~uch magnitude that the test results are unsatis-
factory for determining the acceptability of the 
material. In such instances, depending upon the 
material and the usc for which the test results are 
int ended , one or more of the methods described 
1 n the following r aragraphs ts recommended for 
-.pcci fyi ng speed of testing. 
:\on 12-Specd of testing can affect test values 
l'<:c·ausc of the rate sensit ivity o f materials and the 
te mperature-time effects. 
7.2 .2 Rate of Straining- The allowable limits 
fo r rate of straining shall be specified in milli-
mctres displacement per millimetre of gage 
k ngth per second (gage length could be the dis-
ta nce between grips or the length of reduced 
section). Some testirg machines are equipped 
with pacing or indicating devices for the mea-
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surement and eont~ol of rate of straini~g; . but in 
the absence of such a device_ the avd·age rate of 
straining shall be -determined wi!h ·a timing de-
vice by observing the time required to etTect a 
known increment of strain. 
7.2.3 Rate of Stressing- The allowable limits 
for rate of stressing shafl be specified in mega pas-
cals per second. Mary y testing machines are 
eq uipped with pacing oa r indicating devices for 
th e meas urement and control of the rate of stress-
ing. but in the absence of such a device the 
average rate of stressing shall be determined with 
a timing device by observing the time required 
to apply a known increment of stress. 
7. 2.4 Elapsed Time- The allowable limits for 
the elapsed time from the beginning of loading 
(or from some specified stress) to the instant of 
frac ture, to the maximum load, or to some other 
stated stress, shall be specified in seconds. The 
elapsed time can be cietermined with a timing 
device. 
7 .2.5 Free-Running Crosshead Speed-The 
allowable limits for the rate of movement of the. 
crosshead of the testing machine, when not under 
load, shall be specified in millimetri'S J:::O:r second. 
The limits for the crosshead speed may be further 
qualified by specifying ditTerent limits for various 
types and sizes of specimens. The average cross-
head speed shall be experimentally determined 
by using length-measuring and timing de\ices. 
7.2.6 Rate of Separation of Heads During 
Tests- The allowable limits for rate of separation 
of the heads of the testing machine during a test 
shall be specified in millimetres per millimetre of 
length of reduced section (or distance between 
grips for specimens not having reduced sections) 
per second. The limits for the rate of separation 
may be further qualified by specifying ditTerent 
limits for various types and sizes of specimens. 
Many testing machines are equipped with pacing 
or Indicating devices for the measurement and 
control of the rate of separation of the heads of 
the machine ouring a test, but in the absence of 
such a device the average rate of separation of 
the heads shall be experimentally determined by 
using length-measuring and timing devices, 
7.2.7 Unless otherwise specified, any conven-
ient speed of testing may be used up to one half 
the specified yield strength or yield point. or up 
to one quarter the specified tensile strength, 
whicheve~ is smaller. The speed above this point 
shall be within the limits specified. If different 
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speed limitations arc required for use in deter-
mining yield strength, yield point, tensile 
strength, elongation, and reduction of area, they 
should be stated in the product specifications. In 
-the absence of any specified limitations on speed 
of testing the following general rules apply: 
7 .2. 7. I The speed of tcsti ng shall be such that 
the loads and strains used in obtaining the test 
results are accurately indicated. 
7.2.7.2 During the conduct of the test to de-
termine yield strength or yield point the rate of 
stress application shall not exceed 12 MPa/s. 
7 .2. 7.3 After the yield strength or yield point 
has been determtned, the speed may be increased 
to correspond to a maximum strain rate ofO.Ol 
mm/mm/s. The extensometer ' and strain rate 
indicator may be used to set the strain rate prior 
to its removal. If the cxtensometer and strain rate 
indicator arc not used to set this strain rate the 
speed should be set not to exceed 0.01 mmimm 
of the length of the reduced section (or distance 
between the grips for specimens not having re-
duced sections) per second. 
7.3 Determination of Yield Strength-Deter-
min~ yield strength by eithe~ of the methods 
described in 7.3. 1 or 7.3 .2. 
7.3.1 Offset Method-To determine the yield 
strength by the "offset method," it is necessary 
to secure data (autographic or numerical) from 
which a stress-strain diagram may be drawn. 
Then on the stress-strain diagram (Fig. 21) lay 
off Om equal to the specified value of the "offset," 
draw mn parallel to OA, and thus locate r the 
intersection cf mn with !he stress-strain dia~am 
(1'\/ote 13). In reporting values of yield strength 
0btained by this method, the specified value of 
offset used should be stated in parentheses after 
the term yield strength. 
Thus: 
"{ield strengt:t (u.'Tset = 0.2 %) ~ J60 M?a 
In using this method a Class 82 e:;tensometer 
(see Practice E 83) would be sufficiently sensitive 
for most materials. 
7.3.2 Extension· UndN·Load .\let hod-To 
determine the yield strength by the extension· 
under-load (EUL) meth0d . it is necessar: to s._·. 
cure data as follows: (I) by autographic or nu-
merical devices so that a stress-strain (or lttad· 
elongation) diagram may tx: drawn from "hi,·h 
the value of the ~tress occu~in!! at the \f1'lYtlicd 
value of extension may be as:::cnaint·d : nr 1:1 h' 
a device attached to or pan of an ntcn ... ,m,·tt·r 
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that indicates when the specified extension ~~ 
curs so that the stress then occurring may be 
ascertained-either or both the devices attached 
to the cxtensomcter or the load-indicating device 
may be automatic. This method is illustrated in 
Fig. 22. The extension can be satisfactorily deter-
mined by the usc of a Class 82 cxtcnsomctcr(see 
Practice E 83). The stress that occurs at the spec-
ified extension shall be reponed thus: 
Yield strength (EUL =XX)= ZZ MPa 
where XX is the specified value of extension. 
:\on 1 3-lf the load drops before the specified 
offs.:t ur extension-under-lcJd ;s r~~ched . techn:cally 
the material docs not have a yield strength (for that 
offset or extension-under-load), but the stress at the 
maximum load before the specified offset or extension-
under-load is reached may be reported instead of the 
yield strength . 
~on 14-When there is disagreement o,·er there-
sults of this test, the offset method for determining yield 
strength is recommended as the referee method. 
7.4 Determination of Yield Point: 
7.4.1 For materials that exhibit discontinuous 
yielding, detemine the yield point by either of 
the methods described in 7.4.1.1 or 7.4.1.2. 
7.4. 1.1 Autograpliic Diagram Method-Ob-
tain a stress-strain (or load elongation) diagram 
by an autographic device, and record the stress 
corresponding to the top of the knee or the point 
at which the curve drops as the yield point. This 
method is illustrated in Fig. 23. 
7.4. 1.2 Extension- Under-Load Method-To 
determine the yield point by the extension-un-
der-load (EUL) method, it is necessary to secure 
data as follows:(/) by autographic or numerical 
devices so that a stress-strain diagram may te 
drawn from which the v<\ lue of the stress occur-
ring at the specified value of extension may be 
ascertained: or (2) by a device attached to or part 
of an e.xtcnsometer that indicates when the soec-
ified .::-.tension occurs so that the load then. oc-
.:urring may be ascertained-either or both the 
de,·ices at:ached to the extensometer or the load-
indicating de,·ice may be automatic. This method 
is illustrated in Fig. 22. The ex!ension can be 
satisfactorily determined by the use of a Class C 
ntensomcter. The stress that occurs at the spec-
ified extension shall be reported as the · yield 
potnt. 
"' >Tt. 15-The appropriate 'alue of the total exte'l· 
,, ,,n . ~hould lx spccitied. For steel with yield point 
'f'<.'CJ!i~d not O\~r 550 MPa. an appropriate value is 
0 .1 <~5 mm / mm cf gage length. For higher strength 
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steels, yield strength should be specified in preference 
to yield point. 
7.4.2 1/a/i-ofthe-Load Me/hod-Apply an in-
creasing load to the specimen at a uniform de-
formation rate. When the yield point of the ma-
terial is reached, the increase of the load stops. 
.-\t that time, there is a halt or hesitation of the 
load-indicati~ mechanism . When the increase 
in load stops or hesitates, record the correspond-
ing stress as the yield point. 
NoTE 16-This· method was formcrlv known as the 
halt-of-the-pointer .method and also as the dror-of-the-
bcam method. · 
7.5 Tensile Stren.r:th-Calculate the tensile 
strength by dividing the maxi mum load carried 
by the specimen during a tension test by the 
o riginal cross-sectional area of the specimen. 
7.6 Elongation: 
7.6 .1 In reporting values of elongation, give 
both the original gage length and the percentage 
increase. 
Example: elongation 
= . 30% increase (50-mm gage length) 
7 .6.2 When the specified elongation is greater 
than 3 %, fit ends of the rra-::tured specimen 
together carefully and measure the distance be-
tween the gage marks to the nearest 0.25 mm for 
gage lengths of 50 mm and under, and to at least 
the nearest 0.5 % of the gage length for gage 
lengths over 50 mm. A percentage scale reading 
to 0.5 % of the gage length may be used. 
7.6.3 When the specified elongation is 3% or 
less. determine the elongation of standard round 
specimens (see Fig. 8) using the following proce-
dure, ::xcept that the procedure given in 7.6.2 
may be used instead when the measured elonga-
tion is greater than 3 %. 
7 .6 .3 .1 Measure the original gage length of the 
specimen to the nearest 0.05 mm. 
7.6.3.2 Remove partly torn fragments thdt will 
interfere with fitting together the ends of the 
fractured specimen or with making the final mea-
surement. 
7.6.3 .3 Fit the fractured ends together with 
matched surfaces and apply an end load along 
the axis of the specimen sufficient to close the 
fractured ends together. If desired, this load may 
then be removed carefully. provided the speci-
men remains intact. · 
"JOTE 17-The use uf ::n end load of approximately 
15 "v!Pa h<l!: been fou nd to give satisfactory results on 
t~st spec: mens of aluminum alloy. 
7.6.3.4 Measure the final gage length to the 
nearest 0.05 mm and report the elongation to 
the nearest 0.2 %. 
7 .6.4 Specimens other than the standard spec-
imen described in Fig. 8 are exempt from the 
requirements of 7.6.3 except as required by the 
applicable product specification. 
7.6.5 If any part of the fracture takes place 
outside 0f the middle half of the gage length or 
in a punched or scribed mark within the reduced 
sectipn, the elongation value obtained may not 
be representative of the material. In acceptance 
testing, if the elongation so measured meets the 
minimum requirements specified, no further 
testing is requir.-:d, Lut if the elvngat:on i~ le:;s 
than the minimum requirements, discard the test 
and retest. ' 
7 .6.6 In determining extension at fracture 
(elastic plus plastic extension), autographic or 
automated methods using extensometers may be 
employed. 
7 .6.6.1 In determining percent elongation 
from extension at fracture data, only the plastic 
extension shall be used. The elastic portion can 
be estimated graphically or by calculation, and 
then subtracted from the total extension at frac-
ture. 
7.7 Reduction of Area: 
7. 7. 1 Specimens With Originally Circular 
Cross Sections-Fit the ends of the fractured 
specimen together and measure the reduced di-
ameter to the same accuracy as the original mea-
surement. 
NOTE IS-Because of anisotropy, circular cross sec-
tions often do not remain circular during straining in 
tension. The shape is usually elliptical, thus, the area 
may be calculated by 1r • d, · dd4, where d, and d1 are 
the maj0r a~d minor diameters, respectively. 
7. 7.2 Specimens With Originally J<.ectangu/ar 
Cro:;s Sections-Fit the ends of the fractured 
specimen together and measure the thickness and 
width at the minimum cross section to the same 
accuracy as the original measurements. 
NOTE 19-Because of the constraint to deformation 
that occurs at the comers of rectangular specimens. the 
dimensions at the center of the original flat surfaces are 
less than those at the comers. The shape of the5e 
surfaces are often assumed to be parabolic. When thi~ 
assumption is made, an effective thickness, 1., may be 
calculated by: (1 1+412+13)/6, where 11 and /3 are the 
thicknesses at the comers, and 12 is the thickness at the 
mid-width. An effective width may be similarly calcu-
lated. 
7. 7.3 Calculate the reduced area based upor. 
[!d:MPIRAN 
the dimensionsdetennined in 7.7.1 or 7.7.2. The 
diiTerena between the area thus found and the 
area of the original cross section expressed as a 
percentage of the original area, is the reduction 
of area. 
7.7.4 If any part of the fracture takes plan: 
outside the middle half of the reduced section or 
in a punched or scribed gage mark within th<: 
reduced section, the reduction of area value ob-
tained may not be representative of the material. 
In acceptance testing, if the reduction of area so 
calculated meets the minimum requirements 
specified, no further tcsti ng is required . but if the 
reduction of area is less than the minimum re-
quirements, discard the tes t results and retest. 
7.8 Rounding Reported Test Data for l'icld 
Strength, Yield Point. and Tensile Strength: 
7.8.1 Test data should be rounded using th <: 
procedures of Recommended Practice E 2<} and 
the specific procedures in the product specifica-
tions. In the absence of a specified procedure for 
rounding the test data, one of tb.e procedures 
described in the following paragraphs is recom-
mended. 
7.8.2 For te~t values up to 500 MPa, round to 
the nearest I MPa; for test values of 500 MPa 
and up to 1000 MPa, round to the nearest 5 
MPa; for test values of 1000 MPa and greater, 
round to the nearest 10 MPa. 
:--.:on 20-For steel products. see Methods and Def-
initions A 370. 
7.8.3 For all test values, round to the nearest 
0.5 MPa. 
Non 21-For aluminum- and magnesium-alloy 
products, see Methods B 557M. 
7.8.4 For all test .values, round to the nearest 
5 MPa. 
7.9 Replacement of Specimens-A test speci-
men may be discarded and a replacemt' nt speci-
men selected from the same lot of materi a l in th e 
foliowing cases: 
7 .9. 1 Tl)e original specimen had a poorly ma-
chined surface, 
7.9.2 The original specirr.en had the w:ong 
dimensions, 
7.9.3 The specimen's properties were changed 
because of poor machining practice, 
7.9.4 The test procedure was incorrect. 
7.9.5 The fracture was outside the g<~ge length. 
7.9.6 For elongation dctem1inatio ns. the frac-
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turc was outside the middle half of the gag~) 
_....-  
length. or . . ~"-~ 
7.<J.7 TIH.:n.: was a malfunctiOn of the testmg ~ 
~quiprnent. 1 
\:on 22-The tension specimen is inappropriate • 
I(Jr . ass.:~sing some types of imperfections in a mate~al. 
Otha methods and specimens employ1ng ultrasonics, 
J,., penetrants. radiograph y, etc., ma y be considered 
,:t11.: n flaws such as cracks, flakes. porosity, etc., are 
rc,·<:alcd during a test and so undness is a condition of 
JCl"l'ptJOL'('. 
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S. l Test information to be reported shall in-
clude the following when applicable: 
~. 1 . 1 Material and sa mple identification. 
8. 1.2 Yield strength and the method used to 
de termine vicld strength (sec 7.3). 
X. 1.3 Yi~ld point and the method used to 
determine yield point (sec 7.4). 
8. 1.4 Tensile strength (see 7.5). 
8.1.5 Elongation (report both the original gage -
length and the percentage increase) (see 7.6). 
8.1.6 Reduction of area (see 7.7 ). 
8.2 Test information to be available on re-
quest shall include: 
8.2.1 Specimen type (Section 6). 
8.2.2 Specimen test section dimension(s). 
8.2.3 Formula used to calculate cross-sec-
tional area of specimens taken from large-diam-
eter tubular products. 
8.2.4 Speed and method used to determine 
speed of testing (see 7.2). 
8.2.5 Method used for rounding of test results 
(see 7 .8 ). 
8. 2.6 Reasons for replacement specimens (see 
7.9). 
9. Precision and Bias' 
9. 1 Precision-The precision of these meth-
cds is being e~tablished. 
9.2 Bias- The bias of these methods includes 
quantitative estimates of the uncertainties of the 
dimensional measuring devices, the calibrations 
of test equipment , and the skill of the operators. 
At this time, statements on bias should be limited 
to the documented performance of particular 
laboratories. 
'Suproning dal3 3\·ailable o~ loa n from ASTM Headquar-
:ors. Request RR: E~S-1004 and E~8-1006 . 
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TABLE I Details of Test Coupon Design for Castings (See Fig. 16) 
:-:on 1-Test Coupon.r for Lorge and /lea•-y Steel Castings: The test coupons in Fig. 16 are to be used for large and hea'"Y steel 
castings. llnwever. at the option of the foundry the cross-sectional area and length of the standard coupon may be increased as 
desired . This provision docs not apply to Specification A 356. · 
:-;o1 E 2-llcnd /Jar: If a bend bar is required, an alternate design (as shown by dotted lines in Fig. 16) is indicated. 
Log0csign(l25 mm) 
/. /le ngth) 
End toper 
. . Hei ght 
J . \\ .idth (at top) 
Rad ius (at bottom) 
t1. Sp~cing between legs 
Loc~ti o n of test bars 
8. :-:umberoflegs 
A 125-mm minimum length will be 
used. This length· may be in-
creased at the option of the 
foundry to accommodate addi-
tional test bars (see Note I). 
Usc of and size of end taper is at the 
option of the foundry. 
32 mm 
32 mm (see Note I). 
13 mm max 
A 13-mm radius will be used be-
tween the legs. 
The tensile. bend, and impact bars 
will be taken from the lower por-
tion of the leg (see Note 2). 
The number of legs attached to the 
coupon is at the option of the 
foundry providing they are equi-
spaced accordi r.ci to Item 6. 
Radius from 0 to approximately 2 
mm 
I. /_(length) 
2. Width 
3. T (riser taper) 
Height 
Riser Design 
The length of the riser at the ba.sc will 
be the same as the top length of the 
leg. The kngth of the riser at the top 
therefore depends on the amount of 
taper added to the riser. 
The width of the riser at the base of a 
multiple-leg coupon shall be n (57 
mm)- 16 mm where 11 equals th(' 
number of legs attached to the cou-
.,on. Tr.e width c f th.: ri ~·;r at the top 
is therefore dependent on the 
amount of taper added to the ri5<'r. 
Use of and size is at the option of the 
foundry. 
The minimum height of the riser shall 
be 51 mm. The maximum height is 
at the option of the foundry forth~ 
following reasons: (a) many risers are 
east open , (b) different compositions 
may require variation in risering for 
soundness, or (c) different pouring 
temperatures may require variation 
in risering for soundness. 
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Nominal V..'idth 
G- G age k: n~th (Not<' I and 2) 
11"- W1d th (:--.lo tes 3 and <l) 
T- l hick ness (Note 5) 
R- Rad'"' o f fillet, min (Note 6) 
L- Overall lengt h, min (Note\ 2 and 7) 
A- Length of reduced section. min 
8 - Length of grip section, min CNote 8) 
C- Width of grip section. aprroximate 
(Notes 4 and 9) 
I 
---~~~ 
J z:=-~I 
----, 
Pl<tt c- T ~pc 
40 mm 
200 () :: () 2 
40.0:: :' .1) 
25 
450 
21 5 
75 
50 
Standard S~cimc ns 
SIH.'Ct· T ypc 
1" .5 mm 
)00:: 0. 1 
I " ·) :: 0.2 
thid.: n ~ss of material 
I :' .5 
200 
57 
50 
20 
A-Il l 
0 
Subsile Srccimen 
6 mm 
25.0 :t 0.1 
6.0 :t 0.1 
6 
100 
32 
30 
10 
NOTE 1-For the 40-mm wide specimen, punch marks fo r measuring elongation after fracture shall be made on the flat or on 
the edge of the specimen and within the reduced section. Either a set of nine or more punch marks 25 mm apan, or one or more 
pairs of punch marks 200 mm apan, may be used. 
NoTE 2-When elongation measurements of 40.:mm "'ide specimens are not required, a minimum length of reduced section (A) 
of 75 mm may be used "ith all,,.her dimensions similar to the plate-type >pecimen. . 
NOTE 3--For the three sizes of specimen>, the ends of the reduced section shall not differ in width by more than 0.10, 0.05 or 
0.02 mm, n:spectively. Also, there may be a gradual decrease in width from the ends to the center, but the width at each end shall 
not be more than I % larger than the width at the center. 
Non 4-For each of the three sizes of srx:cimens, narrower widths (Wand C) ma y be used when necessary. In such ca= the 
"'idth of the reduced sectio n should be as large as the width of the material being tested permits; however, unless stated specifically, 
the requirements for elo ngatio n in a product specification shall not apply when these narrower specimens are used. 
NoTE 5-The dimen sio n T is the thickness cif the test speci men as provided for in the applicable material specifications. 
1-.• inimum thickness of 40-mm wide specimens shall be 5 mm. Maximum thickness of 12.5-mm and 6-mm wide specimens shall 
be 12.5 mm and 6 mm , respecti vely. 
NOTE 6-For the 40-mm wide specimen, a 13-mm minimum radius at the ends of the reduced section is permitted for steel 
specimens under 690 MPa in tensile strength when a profile cutter is used to machine the reduced section. 
NoTE 7-To aid in obtaining axial loading during testing of 6-mm wide specimens, the overall length should be as large as the 
material "'ill permit, up to 200 m m. 
NOTE 8-lt is desirable, if possible, to make the length of the grip section large enough to allow the specimen to extend into the 
grips a distance equal to two thirds or more of the leng:h of the grips. If the thickness of 12.5-mm wide specimens is over 10 mm, 
longer grips and correspondingly longer grip sections of the specimen may be necessary to prevent failure in the grip section. 
NOTE 9-For the three sizes of specimens, the ends of the specimen shall be symmetrical ih width with the center line of the 
reduced section v.ithin 2.5. 0.25 , and 0.13 mm, respectively. However, for referee testing and when required by product specifications, 
the ends of the 12.5-mm "'ide specimen shall be symmetrical within 0.2 mm. 
NOTE !{\-Specimens "'ith sides parallel throughout their len~th a"' permitted. -xcrpt for ref~rec testiog, rrov;deci : (a) the a'xlve_ 
tolerances are used : (h) Jn adequate number ot mark' are provided for determination of elongation: and (c) when yield strength is 
c ctcrmi oed. a suildblc e.\lensomcter is used. If the fracture occurs at a distance of less than 2 W from the edge of the gripping device, 
th< tensile propenies determined ma y not be reo;resentative of the material. In acceptance testing, if the propenies meet the 
m1nimum re-quiremen ts spc'("ified. no fun her testing is requ ired . but if they arc: less than the minimum requirements, discard the 
tn t and rt."IC'S1 . 
FIG. I Rectangular Tension Test 5J>ffimens 
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~ L i ~e r s- Thic kn ess Varied 
Accordinq to Spec im en Thick-
ness to Keep Wedg e Gr ;ps 
F lat Sp ecim en- fro m Pr o trudinq Ab o ve or 
Ele lo w Head of Tes Hn Q 
FIG . 2 \\'l'<i~e Grips "'ilh Liners for Flat $pt.."(·imens 
Spheri cal 
Beari ng 
Upper Head 
of 
Specimen 
with 
Threaded 
Ends 
Testing 
Machine 
FIG. 3 Gripping Device for Threaded-End Specimens 
A-1 2) 
Uppu If cod 
of 
Tcshnq 
Moch,na 
S pcc,me n 
·:;ith 
Shou ldered 
Ends. 
FIG. 4 Gripping Device for Shouldered-End Spedmens 
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Spherico 1 
I 
Section A-A-for Sheet and Strip 
Sect ion A-A- for Wire 
Machine 
Faces 
on :crips 
FIG. 5 Grippin g O.,•·ices for Sheet and \\'ire Specimens 
G- G"gc length 
II'- Width (Note I ) 
-G--i 
T- Thickness. max (N ote 2) 
R- Radius of fillet . min (Note .l) 
L- Overall length, min 
A- U:ngth of reduced section, min 
IJ- U:ngth of grip section , "'in 
C- Width of grip section, approximate 
D- Diameter of hole for pin. min (Note I) 
£- Edge distance from pin, aprroximate 
F- Distance from hole to fillet, min 
FIG. 6 Snubbing De•·ic. for Testing Wire 
Dimensions, mm 
50.0 ± 0.1 
12.5 ± 0.2 
12.5 
13 
200 
57 
50 
50 
13 
40 
15 
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NoTE 1-The ends of the reduced section shall differ in width by not more than 0 .1 mm. There may be a gradual taper in width 
from the ends to the center, but the width at each end shall be not more than I % greater than the width at the center. · 
NOT~ 2-The dimension Tis the thickness of the test specimen as s•.ated in the ar-plicable product spocific:ltions. 
NOTE 3-For some materials, a fillet radius R larger than 13 mm may be needed. 
NOTE 4-Holes must be on center line of re<.iuced section, within ± 0. I mm. 
NoTE 5-Variations of oimensions C, r;, £, F, and L may be used that will permit failure within the gage length. 
FIG. 7 Pin-Load«! Tension Test Specimen wi•h :50-mm Gage Length 
Dimensions, mm 
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Standard 
Specimen Smaii-SJZc Specimens Proponional To Standard 
(i- ·Gage lt:n gt_h __ ---; '":T--
/J - Diameter (~otc I) 
R- Radius of fillet, min 
A- Length of reduced section, min (.'-:ate 2) 
12.5 
62.5 ± 0.1 
12.5 ± 0 .2 
10 
75 
9 
45.0 ± 0./ 
9.0 ± 0 .1 
8 
5J 
1.5 
-----
30.0 ± 0 I 20.0 ± 0.1 12.5 ± 0.1 
6.0 ± 0.1 4.0 ± 0.1 1.5 ± 0.1 
6 4 
36 24 20 
~on: 1-l he reduced section mdy h:Jvc a gradual taper from the ends toward the center, ·with the ends not more than I % 
larger in diameter than the center (controlling dimension). 
~'on: 2-lf desired. the length of the reduced section may he increased to accommod:.lt~ an extcnsomctcr of any convenient 
gage length . Reference marks for the mc-asurcmcnt of clon~tion ~hould. nc"cnhclcss. be sp.:tccd at the ind icatt:d g:1gc kngth. 
'iOTE 3-The gage kngth and fillets shall he as shown. but the ends may he of any form to fit the holders of the testing machine 
in such a wa~ that the load rna~ be aXIal (sec Fig. 9). If the ends arc to he held in wedge grips it is desi rable. if possible. to make the 
kngth of the grip section great enough to allow the specimen to extend into the grips a disLlncc equal to two thirds or more of the 
lengt h of the grips. 
NOTE 4-0n the round specimens in Figs. 8 and 9, the gage leng:hs are equal to five times the nominal diameter. In some 
product specifications other specimens may be provided for, butthr 5-t~ I ratio is main !<lined within dimensional tolerances, the 
elongation values may not be comparable with those obLlined from the sLlndard test specimen. 
I" on 5-The use of specimens smaller than 6 mm in diameter shall be restricted to cases when the materia/to be tested is of 
insufficient size to obtain larger specimens or when all parties agree to their use for accepLlnce testing. Smaller specimens require 
sui:able equipment and greater skill in both machining and testing. 
FIG. 8 Standard 12.5-mm Round Tension Test S~imen ,.ith Gage Lengths fh·e Times the Diameters (50), and Examples of 
Small-Size Specimens Proportional to the Standard Specimen 
--.11 •• /' 
r-- G 
: r r ~ ~~ ----
--- "\'~: - ' 
L.!...J _ __ ·-~
- L -A -
---8 - · 
- r:--=--:--- - --:_,_, ___ c 
· - ~ : . - - f 
- E • · 8 • 
. r :.:,~ :.:,. c 
.. ·. ~ .... - -- . 
---6 -
I 
,...., ., vr 
1-G 
Nott: 2 
- L -
• 8 - - - ~ ---8. 
r-
• .J-
0 
:--- G -
------:-=l ·c-
-~-- --
R 
-
, _ G~l!l' length 
) !)u mc:tcrl~otc I) I 
/!. ·- Rad:u' of fillet, min 
1- Lc..:n gth of reduced sec-
11on 
. - O'L'rall length . ap-
proximate 
B - Length of end section 
(Note 3) 
C- Diameter of rnd sec-
tion 
E- Length of shoulder 
and fillet section, 
approximate 
F Diameter of shoulder 
Spcc1men I 
62.5 ± 0.1 
11.5 ± 0.2 
10 
75. min 
145 
35, approximately 
20 
.... 
.... 
I)' lll'C OSIOOS. ::lnl 
Sr)l:c uncn 1 Srx:cimcn J 
62.5 ± O.t 02.5 ± 0.1 
1~ . 5:!: 0:! 12.5 ± 0.2 
10 2 
75. min I 00. approximately 
155 140 
25, approximately 20, approximately 
20 20 
IS ... . 
IS 1----
Srx-('imcn ~ Specimen ~ 
62.5 ± 0.1 62.5 ± 0.1 
12.5 ± 0.2 12.5 ± o.c 
10 /0 
75. min 75. min 
140 255 
IS, approximately 75, min 
22 20 
20 IS 
15 15 
NOTE 1-The reduced section may have a graduall<lper from the ends toward t~.e center with the ends not more than I % l.u-ge-
in diameter than the center. h d. . 'bl that provides for proper a'ignment and aics in assuring tha NOTE 2- 0n Specimens ! and 2, any SL1ndard t rea ts permt'iSt e 
the spec; men will break within the re?uced ~ct'on_. h 
1 
h fth rip section great enough to allow the specimen L: 
NOTE J-On Specimen S it is destrable, tf posstble, to make t e engt o e g_ 
extend into the grips a disLlnce equal to two thirds or more of the length of the gnps._ . 
fiG . 9 Various Types of Ends for Standard Round Tenston Test Spectmens 
_j 
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FIG. 10 Squeezing Jio f L"( • 
. • or r •ttcnong Ends of F 11-s· 
Tensaon Test Specimens u tze NoTE-The diameter of the I from the line lim iting th t . Pug shall have a slight taper 
sectio n. e esung machone ja"'l; to the curved 
FIG. '.' ~!oral Plugs for Testin T . Loc•toon of Plugs in S . g ubular Specomens, Proper 
.;ec•.men and of Specimen in Heads of 
esung Machine 
(
((. ~- -,, --------..... 
\ ·r--- _-_-_ <: _- ::_- :_-_-__ ;,.,·-~-=-: .. 
, 1 ) ·l ' -- -c ::: _: -:::;:;-··,~ 
\,'--:/ ___ _ --~ 
-- ::::::: -_: :c-·----------) 
<:::::::::: =·==-=--------·:: 
NoTE-The edges of the bla parallel to each other. nk for the specimen shall be cut 
FIG . . 12 Locatoon from Which Lon . . Specimens Are to lk C f gotudonal Tension Test 
ut rom Large-Di•meter Tube 
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r ,_ Gage length 
II- Width (Note I) 
I - Thick ness 
~ominal \Vidth 
1<- Radius of ~I let, min 
t- Length of reduced sec ti on. min 
/J- Length of grip section, min (Note 2) 
C- \Vidth of grin section, approximate 
(Note 3) 
Dimensions. mm 
Specimen Specimen 2 
12.5 40 
50.0 ± 0. 1 
12.5 ± 0 .2 
50.0 ± 0.1 
40.0 ± 2.0 
measured thickness of specimen 
12.5 25 
60 60 
75 75 
20 50 
Specimen 3 
200.0 ± 0.2 
40.0 ± 2.0 
25 
230 
75 
50 
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'"TI. 1-The ends of the reduced section shall not difTcr in width by more than 0.1 mm for Specimens ·!, 2, and 3. There rna~ 
t'<: a gradua l taper in width from the ends to the center, but the width at each end shall be not more than I %greater than the "idth 
a1 the center. A straight-s ided 12.5-mm wide specimen may be used in place of the standard 12.5-mm· wide specimen unless 
prohibi ted by product spcci~cations. · 
:\orE 2- lt is desirable, if possible, to make the length of the grip section great enough to allow the specimen to extend into the 
g,rips a distance equal to two thirds or more of the length of the grips. 
:\orE 3-The ends of the speci men shall be symmetrical..,.ith the center line of the reduced section within 1.0 mm for Specimen 
1 and 2.5 mm for Specimens 2 and 3. 
:\on 4-Specimens with sides parallel throughout their length are permitted, except for referee testing, provided: (a) the abel'< 
wlerances are used; (h) an adequate number of marks are provided for determination of elongation; and (c) when ~ield strength is 
determined, a suitable extcnsometer is used. If the fracture occurs at a distance of less than 2 W from the edge of the gripping de,).:-<. 
the tensile propenies determined may not be representative of the m:terial. If the propenies meet the minimum requireme~ts 
speci ~ed, no fun her testing is required, but if they are less than the minimum requirements, discard the test and retest. -
FIG. 13 Tension Test Specimens for Large-Diameter Tubular Products 
B 
FIG. U Location of Transverse Tension Test Specimen in 
Ring Cut from Tubular Products 
Sominal .Diamctcr 
(i- Length oi parallel 
D- Diamcta 
R- Radius of fillet, min 
.4- Length of reduced section , :nin 
L- Overall kngth, min 
8 - Length o( end section, ap,,roximate 
C- Diamet<:r of end section , approximate 
£ - Length of sh0ulder, min 
F- Diameter of shoulder 
Dimensions. mm 
Srt=cimcn Specimen 2 
12.5 :'0 
Shall be equal to u greater than diameter IJ 
12.5 ± 0.2 20.0 ± 0.4 
25 25 
32 38 
95 100 
25 25 
20 30 
6 6 
16.0 ± 0.4 24.0 ± 0.4 
Spe:imen 3 
30 
30.0 ± 0.6 
50 
60 
160 
45 
48 
8 
365 ± 0.4 
NoTE-Th.: reduced section and shoulders (dimensions A, D, £, F, G, and R) shall be as shown, but the ends rna~ be of an;· 
form to fit the holders cfthe testi.tg mac'tine in such a way that the load sha!l be axial. Commonly the ends are threac:led an<' have 
the dimen~ions 8 and C given above. 
FIG. IS Standard Tension Test Specimen for Cut Iron 
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rL·>T~ 
-----------------{ ~ 
~ 5 
~----------------------~~ 
1 
>.----------L(125"'m "11~)1-------1 
SIDE Vi'OW KEEL E'.LOCK .COUPON 
(a) Ik-sign for Oouhle 1\eel Block Coupon 
N 
.., 
' 
A-I~ 
NoTE-Radius at casting coupon interface at option oi 
foundry. 
i'.LTERNATE DESIGN FOR BEND BAR 
(h) Oesign for 1\lultiple Keel Block Coupon (4 Legs) (c) Design for" Attached- Coupon 
FIG. 16 Tesl Coupons for Caslings (see Table I for Details of Design) 
~· I A ·~ I I 
- ---=jt-$-I t f ] 
k 1E~ 
Dimensions. mm 
D-Diameter 
R-Radius of fillet 
A-Length of reduced section 
L- Overalllength 
B-Length of end section 
C-Diameter of end section 
£-Length of fillet 
16 
8 
M 
190 
64 
20 
5 
FIG. 17 Standard Tension Test Specimen for Malleable Iron 
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\E ro~ 
Dimensions, mm 
ri-Gage length 
/J- Diameter (sec :->ote) 
H-H<JCius o:fillct. rr.in 
A-Length of reduced section. min 
/.-(haalllcngth. min 
R 
/1-DIStancc between grips. m1n 
C-Diameter of end !<etion. appro.<imatc 
50.0:!: 0.1 
6.4 :!: 0.1 
75 
60 
230 
I 15 
10 
:->en 1-The redue<d !<ction rna~· ha,·e a gradualtap.:r from 
thl· ends to~,~r,ard the: Cl'ntr.:r ..... uh the ends not more than 0.1 
mm larga 1n d1amt:tt:r than the center. 
FIG. IH St.».ndard Ten,ion ·reo, I Specim~n for OiC' Casrin~s 
w 0 w F 
"---A-- ·- - 4 _ _: 
--{~---~ 1 I • I ;J .! . ~ 
r' 
c . \~J 
c 
I D ' I ;: 
I ~G~ I I TJ_J R ro~ B 
1-------- L --------i 
Approximate Pre~\in5( Area = 650 mml 
Non-Dimensions specified. except r;_ arc tho!< of the die. 
Dimensions. mm 
G-Gage length 
D-WiJth at center 
W- Width at end of reduced sect ion 
T -Compact to this th1d:n,..,, 
R-Radius of fillet 
A-Half-length of redurc-d scc-t1Jn 
8-Gnp length 
L-O,cralllcngth 
C-W1dth nf gnp S<.-ction 
r ·-Half "ldth of gnp s..·ct1on 
/o-End rad1us 
24.0:!: 0.1 
6.00:!: 0.03 
6.25 :!: 003 
5 to 6.5 
25 
16 
81 
90 
9.00 = 0.03 
4.50 = O.G3 
no= 003 
FIG . 19 Standard Fl•t l ·nmachincd Ten•ion TeSI Sp«:imen 
for Po,.drn-d ~Ictal J>roducts 
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,\ppru .~irn.:Jil' Pr\.-ssinJ,! ..\n~ (J( l 'nmiu.: hir"l.-d Comp;H:t = 1000 1111111 
1\ I ;~rhinin~ H"•fO Ol flll' ll thttion~ 
I . Rough ma~o.·h i nc to Y- m m dl311lL'Ic r 
2. Finish turn 6-mm Lkuneta v. ith rad ri 41nd wpcr 
l Poli~h with fX) emay cloth 
-l . Lap with crocus cloth 
Dimcnsrons. mm 
-----------------
(;_(ia~~..· kngth 
/J- Di ~mll'lt:r :Jt c~..~nta of rC'duced 
<:;('l..:ti{lrl 
1/- f>l :lllll'll"r :H !.."OJ:-. orgJgC kn~th 
1< - R:.tdllJ\oflill~,.·t 
.1- l.cn gth of rl'du ~..·cJ Sc:cllon 
/_-Qver3ll length (die <::l''ity, 
length) 
/I- Length of end section 
C-Compact to this e nd thickness 
I! '-Die cavity width 
/:"-Length of shoulde r and fillet 
F-Diameter of sho ulder 
l-End fillet radi us. ma., 
30 0:!: 0.1 
o.o:;: 0. 1 
" + 0.02 to 0.05 
6 
32 
80 
12 
12.5:!: 1.0 
12 .5 
9 
8 
Non-The gage lengt h and fillets ot the specimen shall be 
as shown . The ends as show n are designed to provide a total 
pressing area of approximate!; (:{J() mm 1. Other end designs are 
acu.:ptable. and in some cases are required for high-st rengt h 
si ntercd materia ls. Some suggested alternative end designs in-
clude: 
I. Longer ends. of the same gene ral shape and configuration 
as the standard, to provide mar< surface area for gripping. 
2. Shallow transverse groo,es. or ridges. may be pressed in 
the ends. to be gripp.:d by jav.s machined to fit the specimen 
contour. 
FIG. 20 Standard Round :'\lachined Tension Test Spe<:imen 
for Powdered :'\l etal Products 
A n 
I I 
I I 
I 
I J __ _ 
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•n 
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Strain 
Om= Specified Offset 
FIG. 21 Stress-Strain Diagram for Determination of Yield 
Strength by the Offset Method 
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n 
R ------------ -:;::..-.=.-..=.-..=.-=---"-"-'=-----;-; 
'r 
I 
I 
Strain 
0~---------------~m 
Om:Specified Extension Under Load 
_FIG. 22 Stress-Strain Diagram for Determination of Yield 
~lr<ngth or Yield Point by the Exrension-Lnder-Load i\lethod 
R 
Stro in 
1,._ 
I .': 
I~ 
I~ 
I~ 
I 
I 
I 
0 ;n 
FIG. 2J Strf.'ss-Strain Dt:.&J.:ram Showing ) il'ld Puint 
Correspond in~ ..-ith Top of Knee 
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Til<' American S1x-icryjor Tesring and Malcria/s rakes no posirion T<'SP<'cring rhc o·ahduy of any par.•nr right.\ asserted 1n conn,• 
\t'llh an_,. item mrntioned in this standard. Users of this standard are cxpre.u/.r ad\'ised that dctcrminarinn oft he ,-alidif.\' of any 
fJtJlt''" right.\·, tJnd thl' risk t~f tnfringemcm of such .rights. are entircf.v their own rC.\'fHm.uhilit_r. 
Thi.\ standard i.J subject 10 rcrision at any time by the responsibh·technica/ commillee and must be rcriewed el'e,-yfire year_: 
i( nor r('l 'i.sed. either reapprvred or withdrawn. }'our comments are im·ited either for re,•ision o( this standard or for addJ:. 
Handards and should be addressed to ASTAf Headquarters. rour commems will r(:ceh·e careful Consideration at a "meeting ( 
rc.\ f)f!IISible technical cummiffee. which you may attend. f{you f(•c/ that your comments have not recei\'(•d a fair hearing you _1 .. 
111ake rnur l'iCII'S knoll'nto the AST.\1 Commiuee on Standards. /916 Race St .. Philadelphia. PA !9/0J. 
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Standard Test Method for 
PLANE-STRAIN FRACTURE TOUGHNESS OF METALLIC 
MATERIALS 1 
This standard is issw.·d unlk·r th~.: li .,~,.·d d~.:sign:llinn E J99: the numhcr immediately following the c.ksignation indicates the year of 
original adoption or. in the case of revision. the year of last revision. A number in parentheses indica1cs the year of last rcapproval. 
A superscript epsilon(() indicates an editorial change since the la't revision or rcapproval. 
This method /w.'i heen apprm·t·dfor ll \'l' h.r agt•ncies t~((/l(• D<'partmcflf <~(D(jl•n\·c mulfor li.Hinx in the /JvD Jndt/X ofSpec(/ications 
m:d Swn:lards 
I. Scope 
1.1 This test method covers the determination 
of the plane-strain fracture toughness (K, .. ) of 
metallic materials !:Jy tests using a variety of 
fatigue-cracked specimens having a thickness of 
0.063 in . ( 1.6 mm) or greater.1 The details of the 
various specimen and test configurations arc 
shown in Annexes A I through A 7. 
NoTE 1-Pianc-strain fracture toughness tests of 
thinner materials that are sufficiently t rittle (sec 7. 1) 
can he made with other types of specimens (I )J There 
is no standard test method for t~ sting su~h thin mat~­
rials. 
1.2 This test method also covers the determi-
nation of the specimen strength ratio R.u where 
x refers to the soecific specimen configuration 
heing tested. This strength ratio is a function of 
the maximum load the specimen can sustain . its 
initial dimensions and the yield strength of the 
material. 
1.3 Measured values of plane-strain fracture 
toughness stated in inch-pound units are to be 
regarded as standard. 
1.4 This test method is divided into two main 
parts. The first part gives general information 
concerning the recom:nendati~ns an:l rcq•Jire-
n; cnts fo~ A:,, !~sting The sc ~· ond part is com-
posed of annexes that give the displacement !(age 
design. fatigue cracking procedures. and special 
req uirements for the various specimen configu-
rations covered by this method. In addition, an 
annex is provided for the specific procedu res to 
he followed in rapid-load plane-strain fracture 
toughness tests. General information and re-
quirements common to all specimen types arc 
listed as fo!lows: 
Arplic~1hk Doc uments 
Sunun;try of Test tv1cth<X1 
Signiticanrc and Usc 
Prt.•ralJtion s 
Pr:.h.: tical Applications 
Definitions 
Stn:ss-lntcnsity Fartor 
Pl;mc-StrJin ~-facture Toughnt·ss 
.-\pparatlJS 
l.n:1ding Fi,turt.·s 
I )ispbr~-.mc.·nt (iag~o: Dt'o:;ign 
Oisplarcnwnt Mcasur~.·m~.·~t .\ 
Spt.•rimcn Silt.'. Cnnliguratiun\. and 
Sr)l.:l."lllll'll Slit' I ~ tun:llt' " 
St;1nd:1rJ ;1nd .-\lh:rn:Jti\l' Sp\.'t' tllh'rl 
\tlnliguratit,ns 
Forms of F:lli~uc Crack Stancr :"Ptch 
f··: Jtigul' ('rarking 
Cr:Kk 1: .\tt.·nsuHl 1\e~nnd Stancr 
~1.,:;1\llfl'llH.'Ill' h,:ft\ft.' rt.'\tin~ 
! ' hit.'~ Ill' \~ 
1\.iJih 
Stan~..·r :"Jolt:h Rl)ll\ Radius 
Specimen Testing 
Loading Ralc 
Test Record 
~kasurl'mcnt~ alh·r Tt:~ting. 
cr~Kk Ll'ngth 
( ·rack Pia Ill' t\n~k 
Calculation and lntaprl'tJtion nf Rc-
!->Uit~ 
:\ nal~ ·~i~ nr Tt·~ : Rl'l"Prd 
\ ' ; ; lhli~~ Rt'qlllfl'f11l'flt~ llO t>m,J l'v 
\ ':1lid1t y Rl·qulfl' llll'lll\ nn Sj'>l.'l·irnL'Il 
Sitl' 
Sc~..:tions 
4.1 I to 4. 1..1 
4.2 
5 
5.1.1 
5.1.2 
6 . ~ 
Annt.·=-. :\I 
~ - .1 
7 
7. 1 
7.2 
7.ll 
Anne., A2 
7.J.2 .] 
X . ~ . l 
X.2._1 
7.3.1 
8.3 
SA 
X.2.2 
X.2.4 
9 
Q,l 
~.1.2 
9. 1..1 
1 1 tu~ tt'\1 rnl'thtx1 IS under the: JunS{!iction of ASTM Com-
mittee E-24 on Fractu re Testing and is the dirC<'t responsibility 
ofSut>cof\lmitt<'e E24.0 I on Frac!Ure Mechanics Test Methods. 
C'urr~nl edition appro\'cd April 24. 1983. Published July 
1 '!SJ . Originally puhlish~d as E _199- 70 T. Last pre"ious edi-
tion E 399- ~I. 
'For additional information relating to the fracture tough-
n,·ss t•·sting of aluminum alloys. s.:c Method 8 645. 
1 Thr hold face nurnt>c" in parentheses rdcr to the list of 
n:li:rt:nccs at the end or this .ncthod. 
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Crack Plane Orientation Designations 9.2 
Fracture Appearance Descriptions 9.3 
Reponing 10 
Precision and Accuracy 11 
Special Requirements for Rapid Load Annex A 7 
K,, (l ) Tests 
1.5 Special requirements for the various spec-
imen configurations appear in the following or-
der: 
Bend Specimen SE(IJ) 
Compact Specimen ("("T) 
Arc-Sha1x·d Spt ..'ciml'n ..1 ( T) 
Disk-Shaped Comp~trt Sp<.·cimcn 
/)( \ T ) 
Rapid Load A"" (I) Tests 
2. Applicable Documents 
2.1 ASTM Standards: 
Annex· A3 
Annex A4 
Annex A5 
Annex. A6 
Annex A7 
B 645 Practice for Plane Strain Fracture 
Toughness Test ing of Aluminum Alloys• 
E 8 Methods of Tension Testing of Metallic 
Materials5 
E 21 Recommended Practice for Elevated 
Temperature Tension Tests of Metallic 
Materials6 
E 337 Test Method for Relative Humidity by 
Wet- and Dry-Bulb Psychrometer7 
E 338 Method of Sharp-Notch Tension Test-
ing of High-Strength Sheet Matcrials6 
E 616 Terminology Relating to Fracture 
Testing6 
3. Summary of Test Method 
3.1 This test method involves testing of 
notched specimens that have been precr;::::keJ in 
fatigue by loading either in tension or three-point 
bending. Load versus disp!aceme:1t 'lcro~s the 
notch at ' tile specimen edge is ;ecorded auto-
graphicaliy. Tht! load ..:orrtspvnC:ing t0 a 2 % 
apparent increment of c:ack extension is estab-
lished by a specified deviation from the linear 
portion of the record . The K~c value is calculated 
from this load by equations that have been estab-
lished on the basis of elastic stress analysis of 
specimens of the types described in this method . 
The validity of the determination of the K~c value 
by this test method depends upon the establish-
ment of a sharp-crack condition at the tip of the 
fatigue crack, in a specimen of adequat(! size. To 
establish a suitable crack-tip condition, the stress 
intensity level at which the fatigue precracking ol 
the specimen is conducted is limited to a rela-
tively low value. 
C-21 
.>.L. !lit: ~l)<::Cllllt:ll MLt: lt:ljUllt:U IUf lt:Sttng pur-
pOSeS increases as the square of the ratio of 
toughness to yield strength of the material; there-
fore a range of proportional specimens is pro-
vided. 
4. Significance and Usc 
4.1 The property K1c determined by this test 
method characterizes the resistance of a material 
to fracture in a neutral environment in the pres-
ence of a sharp crack under severe tensile con-
str;: int, su ch th ;; t the :;tate :>f s: re~s :1car t:1c ..:rack 
front approaches tritensile plane strain, and the 
crack-tip plastic region i~ small compared with 
the crack size and specimen dimensions in the 
constraint direction. A K1c value is believed to 
represent a lower limiting value of fracture tough-
ness. This value may be used t:> estimate the 
relation between failure stress and defect size for 
a material in service wherein the conditions of 
high constraint described above would be ex-
pected. Background information concerning the 
basis for development of this test method in 
terms of linear elastic fracture mechanics may be· 
found in Refs (I) and (2). 
4.1.1 The K,c value of a given material is a 
function of testing speed and temperature. Fur-
thermore, cyclic loads can cause crack extension 
at K, values less than the Kit" value. Crack exten-
sion under cyclic or sustained load will be in-
creased by the presence of an aggressive environ-
ment. Therefore, application of K~c in the design 
:>f service compunents should be made with 
awareness to the difference that may exist be-
tween the laboratory tests and field conditions. 
4.1.2 Plane-strain crack toughness testing is 
unusual in that there can be no advance assur-
ance that a valid K~c will be determined in a 
particular test. Therefore if is essential that all of 
the criteria concerning validity of results be care-
fully considered as described l:erein . 
4. 1.3 Clearly it will not be possible to deter-
mine K1c if any dimension of the available stock 
of a material is insufficient to provide a specimen 
of the required size. In such a case the specimen 
strength ratio determined by this method will 
often have useful significance. However, thi~ ra-
tio, unlike K~c, is not a concept of linear elastic 
'Annual BOflk of ASTM Srandards, 'lol 02.02. 
'Annual Book of ASTM Srandards, Vols 02.02 and 03.01. 
:Annual Book t!{ASTM Srandard.<, Vol 03.0'. 
Annual Book nf ASTM Srandard.r, Vols 07.01 . 11.03. and 
15.09. 
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fracture mechanics, but can be a useful compar-
ative measure of the toughness of materials when 
the specimens are of the same form and size, and 
that size is insufficient to provide a valid K~c 
determination, but sufficient that the maximum 
load results from pronounced crack propagation 
rather than plastic instability. 
4.1.3.1 The strength ratio for center-cracked 
plate specimens tested in uniaxial tension may 
he determined by Method I' .l~X. 
4.2 This mrthod can serve the following pur-
poses: 
4.2.1 In research and development to estab-
lish. in quantitative terms, significant to service 
performance, the efTects of metallurgical varia-
bles such as composition or heat treatment, or of 
fabricating operations such as welding or form-
ing. on the fracture toughness of new or existing 
materia's. 
4.2.2 In service evaluation, to establish the 
suitability of a material for a specific application 
for which the stress conditions are prescribed and 
for which maximum naw sizes can be established 
''ith confidence. 
.\.~.) For specifications of acceptance and 
manubcturing quality control. but only when 
there is a sound basis for specification of mini-
mum K,,. values. and then only if the dimensions 
of the product arc sufficient to provide specimens 
of the size required for valid K,. determination . 
The specification of K~c values in relation to a 
particular application should signify that a frac-
ture control studv has been conducted on the 
ccmponent in rel~tion to the expected history of 
loading and environment, and in relation to the 
sensitivity and reliability of the crack detection 
procedures that arc to be applied prior to service 
a11d subs~quc11tly d11ring the anticip:tted life. 
5. Definitions 
5.1 Terminology E 616 is applicable to this 
method. 
5.1.1 stress-intensity factor, 1\. /\,. 1\2. K~ 
[FL --'"]-the magnitude of the ideal-crack-tip 
stress field (a stress-field singularity) for a partic-
ular mode in a homogeneous, linear-clastic body. 
NOTE-Values of K for mode I, 2, and 3 are given 
by: 
K, = limit [11,.(hr) 111 ). 
1\, = limit [r,.(2wrl'" J. anJ 
1\-' = limit [r,.,(hr) 11!]. 
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where r = a distance directly forward from the crac~ 
tip to a location where the significant stress is calculated. 
Discussion-In this test method, mode I is assumed. 
5.1.2 plane-strain fracture toughness-the 
crack-extension resistance under conditions of 
crack-tip plane strain. 
NoTE 1'-For example, in mode I for for slow rates 
of loading and negligible plastic-zone adjustment, 
plane-strain fracture toughness is the value of stress-
intensity l:ictor designated /\1,. [FL-.l!'J as measured 
using the operational procedure (and satisfying all of 
the validity. requirements) specified in this test method, 
whiclt provides for the measurement of crack-extension 
resistance at the start of crack extension and provides 
operational delinitions of crack-tip sharpness, start of 
crack extension, and crack-tip plane strain. 
NOTE 2-Sec also delinitions of crack-extension re-
sistance, crack-tip plane strain, and mode. 
Discu.uion-ln this test method, mode I is assumed. 
5.1.3 crack plane oriellflltion-an identifica-
tion of the plane and direction of a fracture in 
relation to product geometry. This identification 
is designaied by a hyphenated code with the first 
letter(s) representing the direction normal to the 
crack plane and the second letter(s) designating 
the expected direction of crack propagation . 
5. 1.3.1 The fracture toughness of a material 
usually depends on the orientation and direction 
of propagation of the crack in relation to the 
anisotropy of the material. which depends, in 
turn. on the principal directions of mechanical 
working or g~Jin now. The orientation of the 
crack plane should be identified wherever possi-
ble in accordance with the following systems (II). 
In addition, the product form should be identi-
fied (for example, straight rolled plate. cross 
rolled plate, pancake forging, etc.). 
5.1.3.2 For rectangular sections, the reference 
directions arc irlcntificrl as in Figs. I and 2, which 
give examples for a r0ll::d plate. The same system 
would be useful for sheet. extrusions, and forg-
ings with nonsymmetrical grain now. 
L =direction of principal deform~tion (maximum 
grain flow). 
T = direction of least deformation. and 
S = third orthogonal direction. 
5.1.3.3 Using a two letter code. the first letter 
designates the direction normal to the crack 
plane. and the second letter the !'Xpected direction 
o(crack propagation. For example, in Fig. I the 
J"-L specimen lias a fracture plane whose normal 
is in the width direction of a plate and an cx-
!X'ctcd direction of crack propagation coincident 
\\'ith the din:ction of maximum grain now or 
longitudinal din.:ction oi' the pl;;tc. 
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5.1.3.4 For specimens that are tilted in respect 
to two of the reference axes, Fig. 2, the orienta-
tion is identified by a three-letter code. The code 
L- TS, for example, means that the crack plane 
is perpendicular to the direction of principal 
deformation (L direction), and the expected frac-
ture direction is intermediate between T and S. 
The code 7~)-/. means the crack plane is perpen-
dicular to a direction intermediate between T 
and S, and the expected fracture direction is in 
the L direction. 
5.1.3.5 For certain cylindrical sections where 
the direction of principal deformation is parallel 
to the longitudinal axis of the cylinder, the ref-
erence directions are identified as in Fig. 3, which 
gives examples for a drawn bar. The same system 
would be useful for extrusions or forged parts 
having circular cross section. 
L = direction of maximum grain flow, 
R = radial direction, and 
C =circumferential or tangential direction. 
6. Apparatus 
6.1 Loading-Specimens should be loaded in 
a testing machine that has provision for auto-
graphic recording of the load applied to the spec-
imen. 
6.2 Fixtures-Fixtures suitable for loading 
the specimen configurations covered by this 
method are shown in the appropriate annex. 
These fixtures are so designed as to minimize the 
frictional contributions to the measured load. 
6.3 Displacement Gage-The displacement 
gage output shall indicate the relative displace-
ment of two precisely located gage positions 
spanning the crack starter notch mouth. Exact 
and positive positioning of the gage on the spec-
imen is essential, yet the gage must be released 
without damage when the specimen breaks. A 
rec::>m:nendcd desibn for :: self-s~.:pportir.g, re-
leasable gage is shown in Fig. 4 and described in 
Annex A I. The strain gage bridge arra!lgement 
is also shown in Fig. 4. 
6.3.1 The specimen must be provided with a 
pair of accurately machined knife edges that sup-
port the gage arms and serve as the displacement 
reference points. These knife edges can be ma-
chined integral with the specimen as shown in 
Fig. 4 and Fig. 5 cir they may be separate pieces 
fixed to the specimen. A suggested design for 
such attachable knife erlges is shown :n Fig. 6. 
This design is based on a knife edge spacing of 
0.2 in . (5.1 mm). The cflcctivc gage length is 
established by the point$ ·of contact between the 
screw and the hole threads. For the design shown 
the major diameter of the screw has been used in 
setting this gage length. A No. 2 screw will permit 
the use of attachable knife edges for specimens 
having W > I in. (25 mm). 
6.3.2 Each gage shall be checked for linearity 
using an cxtcnsometcrcalibrator or other suitable 
device; the resettability or the calibrator at each 
displacement interval should be within 
+0.000020 in. (0.00050 mm). Readings shall be 
taken at ten equally spaced intervals over the 
working range of the gage (see Annex A I). This 
calibration procedure should be performed three 
times, removing and reinstalling the gage in the 
calibration fixture between each run. The re-
quired linearity shall correspond to a maximum 
deviation of +0.0001 in. (0.0025 mm) of the 
individual displacement readings from a least-
squares-best-fit straight line through the data. 
The absolute accuracy, as such, is not important 
in this application, since the method is concerned 
with relative changes in displacement rather thar. 
absolut~ values (sec 9.1 ). 
6.3.f It is not the intent of this meti10d to 
exclude the use of other types of gages or gage-
fixing devices provided the gage used meets the 
requirements listed below and provided the gage 
length does not exceed those limits given in the 
annex appropriate to the specimen being tested. 
7. Specimen Size, Configurations, and Prepara-
tion 
7.1 Specimen Size: 
7.1.1 In order for a result to .be considered 
valid according to this method it is required that 
both the specimen thickness, B, and the crack 
length, a, exceed 2.5 (K1Javs)\ where avs is the 
0.2 % offset yield strength of the. material for the 
temperature ann loading rate 0fthe test (1, 5, 6). 
7 .1.2 The initial selection of a size :lf specimen 
!rom which valid values of K~c will be obtained 
may be based on an estimated value of K~c for 
the material. It is recommended that the value 
of K~c be overestimated, so that a conservatively 
large specimen will be employed for the initial 
tests. After a valid K~c result is obtained with the 
conservative-size initial specimen, the specimen 
size may be reduced to an appropriate size [a and 
B?; 2.5 (K1Javs)"J for subsequent testing. 
7 .1.3 Alternatively, the ratio of yield strength 
to Young's modulus can be used ror selecting a 
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specimen size that will be adequate for all but 
the toughest materials: 
Minimum Recommended 
Thickness: and 
Crack Length 
uvs!E in. mm 
0.0050 to 0.0057 3 75 
0.0057 to 0.0062 211 63 
0.0062 to 0.0065 2 50 
0.0065 to 0.0068 I Jl 44 
0.0068 to 0.0071 Ill 38 
0.0071 to 0.0075 114 32 
0.007 5 to 0.0080 I 25 
0.0080 to 0.0085 Jl 20 
0.0085to0.0100 ~ 12~ 
0.0 I 00 or greater !4 6~ 
When it has been established that 2.5 (K~c/uvs? 
is substantially less than the minimum recom-
mended thickness given in the preceding table, 
then a correspondingly smaller specimen can be 
used. On the other hand, if the form of the 
available material is such that it is not possible 
to obtain a si:>ecimen with both crack length and 
thickness greater than 2.5 (K~c/uv5 }2 , then it is 
not possib;c w make a valid K1 c measurement 
according to this method. 
7.2 Specimen Configurations-The configu-
rations of the various specimens are shown in 
the following annexes: Annex A3, Bend Speci-
men SE (8}, Annex A4, Compact Specimen C 
(T}, Annex A5 , Arc-Shaped Specimen A (T}, and 
Annex A6, Disk-Shaped Compact Specimen DC 
(T}. 
7 .2.1 Standard Specimens-The crack length, 
a (crack starter notch plus fatigue crack) is nom-
inally equal to the thickness, B, and is between 
0.45 and 0.55 times the width, W. The ratio Wf 
B is nominally equal to two. 
?.2.2 Al!emative Specimens-In certain cases 
it may be C:esinble to •Jse ~pet:iwens havi11g Wf 
B ratios other than two. Alternative proportions 
for bend specimens are. I ::5 Wf B ::5 4. For the 
other specimen cunfigurations alternative speci-
mens may have 2 ::5 WI B ::5 4. These alternative 
specimens shall have the same crack length-to-
width ratio as the standard specimens. It should 
be appreciated that K1c values obtained using 
alternative specimen proportions may not agree 
with those obtained using the standard specimens 
(15}. 
7.3 Specimen Preparation-The dimensional 
tolerances and surface fini~hes shown on the 
specimen drawings given in Ann~xes A3 to A6 
shall be followed in specimen preparation. 
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7 .3. 1 Fatigue Crack Starter Notch-Three 
forms of fatigue crack starter notches arc shown 
in Fig. 7. To facilitate fatigue cracking at low 
stress intensity levels, the root radius for a 
straight-through slot terminating in a V-notch 
should be 0.003 in. (0.08 mm) or less. If a chev-
ron form of notch is used, the root radius may 
be 0.010 in. (0.25 mm) or less. In the case of a 
slot tipped with a hole it will be necessary to 
provide a sharp stress raiser at the end of the 
hole. Care should be taken to ensure that this 
stress raiser i~ so l0cated that the crad : plane 
orientation requirements (8 .2.4) can be met. 
7.3.2 Fatigue Cracking-Fatigue cracking 
shall be conducted in accordance with the pro-
cedures outlined in Annex A2. Fatigue cycling 
shall be continued until the fatigue crack will 
satisfy the requirements stated in the following 
two sections. 
7 .3 .2.1 The crack length (total length of the 
crack starter configuration plus the fatigue crack) 
shall be between 0.45 arid 0.55 W. 
7 .3.2.2 For a straig:lt-through crack starter ter-
minating in a V-notch (see Fig. 7}, the length of 
the fatigue crack on each surface of the specimen 
shall not be less than 2.5% of W or 0.050 in. ( 1.3 
mm) min, and for a crack starter tipped with a 
drilled. hole (see Fig. 7), the. fatigue crack exten-
sion from the stress raiser tipping the hole shall 
not be less than 0.5 D or 0 .050 in . on both 
surfaces of the specimen, where Dis the diameter 
of th~ hole ( 1.3 mm) min. For a chevron notch 
crack starter (see Fig. 7}, the fatigue crack shall 
emerge from the chevron on both surfaces of the 
specimen. 
8. General Procedure 
8. I N•unber ofTests-It is rec:ommended that 
at least three replicate tests be made for each 
material condition. 
8.2 Specimen Measurement-Specimen di-
mensions shall conform to the tolerances shown 
in the appropriate annex . Three fundamental 
measurements are necessary for the calculation 
of K1c, namely, the thickness, B, the crack length, 
a, and the width, W. 
8.2.1 Measure the thickness, B, to the nearest 
0 .00 I in. (0.025 mm) or to 0. 1 %, whichever is 
larger, at not less than three equally spaced po-
sitions along the line of intended crack extension 
from the fatigue crack tip to the unnotched side 
of the specimen. The average of these three meas-
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urements should be recorded as B. 
8.2.2 Measure the crack length, a, after frac~ 
lure to the nearest 0.5 o/o at the following three 
positions: at the center of the crack front, and 
midway between the center of the crack front, 
and the end of the crack front on each surface of 
the specimen. Use the average of these three 
measurements as the crack length to calculate 
K0 . The following requirements shall apply to 
the fatigue crack front: (1) The difference be-
tween any two of the three crack length measure-
ments shall not exceed 10% of the average. (2) 
For a chevron notch starter (sec Fig. 7), the 
fatigue crack shall emerge from the chevron on 
both surfaces of the specimen, neither surface 
crack length shall differ from the average length 
by more than 10 o/o, and the difference between 
these two surface mea~urements shall not exceed 
10% of the average crack length. (3) For a 
straight-through starter notch (see Fig. 7) no part 
of the crack front shall be closer to the machined 
starter notch than 2.5 o/o W or 0.050 in. ( 1.3 mm) 
minimum, nor shall the surface crack length 
measurements differ from the average crack 
length by more than 15 %, and the differences 
between these two measurements shall not ex-
ceed I 0% of the average crack length. 
8.2.3 Measure the width, W, as described in 
the annex appropriate to the specimen type being 
tested. 
8.2.4 The plane of the crack shall ~ parallel 
to both the specimen width and thickness direc-
tion within ±I o· (7). 
8.3 Loading Rate-F0r conventional (static) 
tcsti.ng load the specimen at a rate such that the 
rate of increase of stress intensity is within the 
range from 30 000 to 150 000 psi·in. 1n/min 
(0.55 to 2.75 MPa.m 112/s). The loading rates 
corresponding to these stress intensity rates arc 
given in the appropriate annex for the specimen 
being tested. For rapid-load testing the loading 
rates arc given in Annex i\7. 
8.4 Test J?ecord-Make a test record consist-
ing of an autographic plot of the output of the 
load-sensing transducer versus the output of the 
displacement gage. The initial slope of the linear 
portion shall be between 0.7 and 1.5. It is con-
ventional to plot the load along the vertical axis, 
as in an ordinary tension test record. Select a 
combination of load-sensing transducer and au-
tographic recorder so that th\! load, P0 , (see 9.1) 
can be determined from the te~t record with an 
accuracy of ±I o/o. With any given equipment, 
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the accuracy of readout will be greater than the · 
larger the scale of the test record. 
8.4. I Continue the test until the specimen can 
sustain no further increase in load. In some cases 
the range of the chart will not be sufficient to 
include all of the test record up to maximum 
load, Pm••· In any case, read the maximum load 
from the dial of the testing machine (or other 
accurate indicator) and record it on the chart. 
9. Calculation and Interpretation of Results 
9. I Interpretation of Test Record and Ca!Cll-
lation of k~c-ln order to establish that a valid 
K~c has been determined, it is necessary first to 
calculate a conditional result. K0 , which involves 
a construction on the test record, and then to 
determine whether this result is consistent with 
the size and yield strength of the specimen ac-
cording to 7.1. The procedure is as follows: 
9.1.1 Draw the secant line OP5 , shown in Fig. 
7 through the origin of the test record with slope 
(P/1') 5 = 0.95 (P/v)o. where (P/v)o is the slope of 
the tangent 04 to the initial linear part of !he 
record (Note 6). The luJd P0 is then defined as 
follows: if the load at every point on the record 
which precedes Ps is lower than P5 then P5 is P0 
(Fig. 8 Type I); if, however, there is a maximum 
load preceding P5 which exceeds it, then this 
maximum load is Po (Fig. 8 Types II and Ill). 
NOTE 6-Slight nonlinearity often occurs at the very 
beginning of a record and should be ignored. However, 
it is important to establish the initial slope of the record 
with high precision and therefore it is advisable to 
minimize this nonlinearity by a preliminary loading 
and unloading with the maximum load not producing 
a stress intensity level exceeding that used in the final 
stage of fatigue cracking. 
9.1.2 Calculate the ratio Pm .. !P0 , where Pm .. 
is the maximum load the specimen was able to 
sustain (sec 8.4). If this ra!io docs not exceed 
1.1 0, proceed to calculate K0 as described in the 
annex appropriate to the specimen beir.g tested. 
If Pm.JP0 does exceed 1.10, then the test is not 
a valid K~c test because it is then possible that K0 
bears no relation to K~c. In this case proceed to 
calculate the specimen strength ratio. 
9.1.3 Calculate 2.5 (KQ/uvs)2 where uvs is the 
0.2 o/o offset yield strength in tension (see Meth-
ods E 8). If this quantity is less than both ti1e 
specimen th1ckness and the crack length, then 
K0 is equa: to K~c. Otherwise, the test is not a 
valid K~c test. Expressions for c:~lculations of K0 
are given in the annex appropriate to the speci- ~ 
men being tested. 
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9.1.4 If the test result fails to meet the require-
ments in 9.1.2 or in 9.1.3, or both, it will be 
necessary to use a larger specimen to determine 
Krr. The dimensions of the larger specimen can 
be estimated on the basis of K0 but generally will 
be at least 1.5 times those of the specimen that 
failed to yield a valid Krr value. 
9. 1.5 Calculate the specimen-strength ratio 
R .... according to the annex appropriate to the 
specimen being tested . 
9.2 Fracture Appearance-The appearance of 
the fracture is valuable supplementary informa-
tion and shall be noted for each specimen. Com-
mon types of fracture appearance are shown in 
Fig. 9. For fractures of Types (a) or (b). measure 
the average width, f, of the central flat fracture 
area, and note and record the proportion of 
oblique fracture per unit thickness (B:f)f B. Make 
this measurement at a location midway between 
the crack tip and the unnotched edge of the 
specimen. Report fractures of Type (c) as full 
oblique fractures. 
10. Report 
10.1 The specimen configuration code as 
shown with the specimen drawing in the appro-
priate annex shall be reported. In addition, this 
code shall be followed with loading code (T for 
tension and B for bending) and the code for crack 
plane orientation (see Section 5). These latter two 
codes should appear in separate parentheses. For 
example, a test result obtained using the compact 
spccil'lcn (sec A•,ncx A4) might he designated as 
follows: C(T)(S-T). The first letter indicates com-
pact spl.'cimen. The second letter indicates the 
loading was tension and the first of the last two 
letters indicate that the normal to the crack plane 
is in the direction of principal deformation and 
the second of these letters indicates the intended 
direction of crack propagation is in the direction 
of least deformation. 
10.2 In addition. the following information 
should he reported for each specimen tested. 
I 0.2.1 The form of the product tested , that is, 
forging. plate, casting etc. 
I 0.2.2 Thickness. /3. 
10.2.3 Width (depth), W. 
10.::!.).1 Ollset of the loading holes. X. for the 
arc-shaped specimen. 
10.2.).2 Outer a:1d inner radii. r~ and r, 10r 
the arc-shaped spc :: ir~1en . 
I 0.2.4 Fatigue precracking conditions 111 
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terms of: 
1 0.2.4.1 Maximum stress intensity, K(max) 
and number of cycles for terminal fatigue crack 
extension over a length at least 2.5 o/o of the 
overall length of notch plus crack, and 
I 0.2.4.2 The stress intensity range for termi-
nal crack extension. 
I 0.2.5 Crack length measurements. 
I 0.2.5 . 1 AI center of crack front, 
10.2.5.2 Midway between the center and the 
end of the crack front on each side, and 
I 0.2.5.3 At each surface, 
I 0.2.6 Test temperature. 
10.2.7 Relative humidity as determined by 
MethodE 337. 
I 0.2.8 Loading rate in terms of K, (change in 
stress intensity factor per unit time) (2). 
I 0.2.9 Load-displacement record and associ-
ated calculations. 
10.2. 10 Fracture appearance, 
I 0.2.11 Yield strength (offset = 0.2 %) as de-
termined by Methods E R. 
I 0.2. 12 K1,., or K0 followed by the parenthet-
ical statemqlt: "invalid according to sec- . 
tion(s) ..... of ASTM Test Method E 399," and 
10.2.13 R,,. where x refers to the specimen 
configuration as given in the appropriate annex. 
10.2. 14 PmaJPo. 
I 0.3 It is desirable to list the information re- . 
quiredin 10.1 and 10.2intheformofatable.A 
suggested form for such a table is given in Fig. 
10. 
II. Precision and Bias 
I I. I Hi as-There is no accepted "sl:lndard" 
value for the plaroc strain fracture toughness or 
any material. In the absence of such a true value, 
any statement concerning bias is not meaningful. 
11.2 Precision-The precision of a K, ,. deter-
mination is a function or the precision and bias 
of the various measurements of linear dimen-
si ons of the specimen and testing fixtures. the 
precision of the displacement measurement, and 
the bias of the load measurement as well as the 
bias of the recording devices used to produce the 
load displacement record and the precision or 
the constructions made on this record. It is not 
possible to make meaningful ~tatements concern-
ing precision and bias for all these measurements. 
llowcwr. it is possi:1Ic tn derive useful informa-
tion concerning the precision of a K,.. measure-
ment in a global s~nse from three interlaboratory 
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test programs ( 17) ( 18). The results of these pro-
grams are summarized in Table I which gives 
the standard deviation of K~c for the bend speci-
men. the compact specimen , and the arc-shaped 
specimen as derived from tests on several high-
strength alloys which were all very uniform in 
composition and structure. It should be appreci-
ated that the measures of precision shown in 
Table I apply to tests on high-strength alloys that 
do not exhibit strong transitional behavior in 
terms of temperature or strain rate. If tempera-
ture and rate effects have a large influence on the 
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toughness, increased scatter in K~c measurements 
may be noted. For example: '''ithin or below the 
transition range of a structural steel the initial 
advance of the fatigue crack will be controlled by 
abrupt fracture of local elements at the crack tip 
accompanied by rapid transfer of load to adjacent 
regions which then exhibit cleavage fracture. Un-
der these circumstances. a statistical size effect 
may be noticed as the specimen size is changed, 
and tests on small specimens wi.Il ·be character-
ized by larger scatter than will tests on larger 
specimens. 
TABLE I Grand I\ loans and Slandard Ocvialions for Kk as Oblaincd from Three lnlcrlaboralory TeSI Programs" 
Grand mean X. ksi -in .112 
S1andard devialion. S 
Bend Specimens 
2219T851 avs ~ 51.0 4340 avs ~ 238 ksi 
ksi (353 MPa) ( 1640 MPa) 
32 .7 44 .2 
1.87 1.85 
18 Ni Maragc avs ~ 
276 ksi (1902 MPa) 
51.8 
2.04 
4340 avs ~ 206 ksi 
_(1419 MPa) 
79.8 
2.87 
-----------------------
Grand mc..·an .\, ksi. in . ''1 
St;mdard dt•viation. S 
Grand mean .\. ksi . in .1n 
Standard deviation. S 
32.4 
1.15 
Compac1 Specimens 
45.5 
1.27 
53.9 
1.64 
Arc-'>haped Specimens (4335¥. avs ~ 192 ksi ( 1320 MPa)) 
X! II'~ 0 
102.3 
3.50 
X/W~ 0.5 
101.7 
2.36 
79.4 
1.79 
A The Slandard devialion has been pooled for alllaborawries I<Siing a given alloy. Dala for lhe bend and compac1 specimen can 
be found in Rcf(l7) and for lhe arc-shaped specimen in Ref(l8). 
FIG. I Crack i'lane Orienlalion Codo for Rec;angular Scclions 
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FIG. 2 Crack Plane Orientation Code for Rectangular Sections Where Specimens Arc Tilted with Respect to the Reference 
Dircrtinns 
FIG. 3 Crack Plane Orientation Code for Bar and Jlollow Cylinder 
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S TR A IN GAGE • 
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' 
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Cz 
Tz 
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\ 
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j 
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• 50b OHM GAGES WILL 
PROV IDE GREAHR 
SENSITIYIT~ THAN 
120 OHM GAGES 
FIG. 4 Douhlc-Cantilncr Clip-In Displacement Gage Sho,.·ing Mounting by Means of Integral Knife Edges (Gage Design 
Details are Ginn in Annl"X A I) 
ILAMPIRAN 
NOTE 
Nu11 ! - Dimensions in inrhcs. 
NOTE 3 
45·~ e ~so· 
e ~¢>~go· 
0.06 
0.05 
Non. :!-G;1gc length shown corresponds to rltp gav,t.· spa .. :cr 
hlock dimensions shown in Annex A I. hut otht.•r g:tg~..· kngth~ 
may he uSl'd provided they arc aprropriatc to thr srx.·rinH.'n (sec 
h . .1 .:l). 
Nnr1 3--For startc:r notch configurations \Ct.' Fig. i . 
Ill . 
mm 
0.050 
u 
Mt.•trir Equivaknb 
0.060 
1.5 
0.21XI 
5.1 
FiJ:. 5 Exnmpl~ of lnh'J!ral Knifl· EdJ!l' Dl·<tiJ!n 
Non: !-Dimensions an .. · in inrhcs. 
C-101 
~·orr 2-En·~.·ctivc gag~.· kngth = 2c. + s~.:n:w Thrcild Diunwtcr ~ 11 / 1 . (This will alwa_,·s be greater than the gage length specified 
111 AI . I .) 
Non: 3-Dimensi ::m shown currc~pondo; to clip gage spacer block dimension in Annc.·x A I. 
Ill . 
mm 
11.11.12 
O.X I 
Mc:t ;ir LllliiVah.·nts 
0.06 
1.5 
11.07 
1.8 
11. 100 
2.54 
Fi~. 6 E'"mp1c of Altachab1c 1\nifc Edge Ocsi~n 
0.125 
3.18 
~· ~I 
I ~AC<, NOH :_j_ ""' 5 
-< < ><* ~.45W T0.55W-----It 
CHEVRON NOTCH I !;""CUE COAC<, NO" 2&4 
~"' .45w ro .ssw-----.~ 
STRAIGHT THROUGH 
NOTE 3 & 4 
~.45 W TO. 55W-----J• 
SLOT ENDING IN DRILLED HOLE 
(a) Starter Notche-s ~1nd Fatigue Cracks 
Non 1- For a chevron crack stat .er notch the fatigue crack shall 
emerge on hoth surfaces of the specimen. 
NoTE 2-Fatigue crack extension on each surface of the spc:ci-
mcn containing a straight-through notch shall be at least 0.025 II' 
or 0 .050 in . ( I.J mm). whichever is larger. 
Non: J-Fatiguc crack C:\tcnsion on each surface of the speci-
men from the stress raiser tipping the hole shall be at least 0.5 J) or 
0.050 in. ( 1 .. 1 mm). whichever is larger. 
NOTE 4-Crack stancr notch shall be perpendicular to the spec-
imen surfaces and to the intended direction of crack propagation 
within± r. 
NOTE 5-Notch width N need not be less than ~. in. ( 1.6 mm). 
(h) Detail of Chevron Notdt 
f'.:OTE 1-A = C within 0.010 W 
Nu rE 2-Cutter tip angle 90' max 
\ :t .005\V 
NoTE 3-Rad.us at chevron notch hottom 0.010 in. 
(0.25 mm) max 
FIG. 7 Crack Starter Notch and Fatigue Crack Configurations 
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DISPLACEMENT, v )a-
FIG. 8 Principal T)·pcs of l.oad-Displaccmcnt Records 
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Common Types of Fracture Appearance 
! x.Ic DATA SHUT j 
l (SAMPLE) I 
"""TERIAl./FOit."i --------
~~: T~T ________ __ 
Si'ECI!'U:S t.O . S?~ClXL-'1 TYPE--------
IMT£_1_1_ 
P.:.iiTI !':t.: t.-1":. -----+----+-'-"-· -'-""- '-""c.:.'_;; __ --!I----"-'- CT_ ,_,,_,_T_£S_T ____ +---- -+-"'-'-· _r_a.L_RM_• __ _, 
• ."..ot .-rl.al 0.2! Ofh .. t rt .. \t 
S:r .,nath,O y.,, .,.,. [8 -------
• - c .. ncl~ , l 
• :....;.th ('o:ldth), 10 
! o r - St(IJ 
!or- C(T) 
!<.> r - OC(T) 
S!· .l~,.-d S!'<LCt ""' '' -
- I.:I<Hh, lo' 
- l.oadl n & Hoh Uf hu , X 
- v .. t.-r ancl Inner !Ydll. 
r I ~ r 2 
- _ ,,, ------
-----1 
-- -- I 
/,J_.J 
~ .. 1 ; I_ 
e. :•.: 
).4.\ (A.-.:-.nJ_) _ 
'- . LI ( A.-~a-:.!._ ---
.. !!_._"·~ ~ :t~*! _ ':J __ 
_) ..: lo.: l __ {A.--:::!~_!l_ 
-- - ~ - 4.1 _ (~_:!:U __ u__ 
L4.1 !A.nr.u )) 
• C•..ad; lrrt!jC~-
-At c~ntt. of C1' • ck r.ont <•t>f--- ---+---'-'-'''-'''-''----j 
- At u.t.t of C.rH.r <•1>__ -~ 
-~-!.ef t of Center ( • J) __ __ _ 
- At 11111ht of Surf•n (a.c,) ___ r- -------~--'"-''-'-'''-'-'-----
-At L.ft Surface f•~l- ___ --·---- --'-'·~··L' -----j 
- Cr ..:k rt .... s ,.-t r ':_- - -+---'-'-'''"-·'=------ -! 
- LQ.Hinc a..u (lui /ii./ • ln.) r-----·---+- ---'-'''-'' -----j 
- Te•t T•• pel'"at ure ---·-·--J------ f---'-'""''' -"'"-'-----j 
FATit:l!£ Plll:CUCJCISI. ___ t-----+-"'::_'_._P ... " ::_-'c_ow:.:.._' _ --fi----::_CAI.C..:.:.._''U::..;_T ... IOH:.:.._O_r_•_._ .. _::•:.___t---"'-'-"--+<1-f_._r_AOV._C_"-"' ___ -l 
• ;;,..~._ < o.OO~In'l, (0.00011,.''~ ) 
• ~. ' 0.b lt.l. 
• ;;...,. ... O.tl 1Cic: 
0 ..l( Tt"'J}}tUlu.~t 
- tt......n[~l6 l;.jl IT~l -
o ;,.zd: L<"" !ftl. · St4·Jc.' 54\·t 
1-.t~ r~~.t '-JU-" 
- • • O.H~ _ 
- K..,.,.. ~l 
- Cyt l•• lor la•t ] . )1 
or "• '" 
_ _A_! -2.:_!._ - - -- • r .. ,.JPQ o( 1-1_, ____ --f------t-- 'C'-'''-"'''------ -
- lq SI(I) __ ) .S.) (Annn )) 
- EQ C(T) • ---- t-·-'"'· '"''"-' -"'""".....,.'---1 
- KQ A(T) _____ _ ~-f---- --- - -·--''-"· '~·--'-] ~"""="'~''--j 
- KQ DC(T) __ -----f--- b.) .] ( Annn 6 ) 
• Ya114 ltc ------1---- ---f---'"-'-"'-'-" --- ---1 
_ ••• 9-l.S 
----- -~-l-1 ---
A2.4. 1 .11n.! Al .4.2 
---------
A-2. 4 . ·~----·11 
i 
FIG. IO Suggested Form of Table for Reporting Information Listed in 10.1 and 10.2 
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A4. SPECIAl. ~EQUIIU:MENTS FO~ TilE TESTING OF COMI'ACI" SPECIMENS 
A·U Specimen 
A4.1.1 The standard compact specimen is a single 
edge-notched and fatigue cracked plate loaded in ten-
sion. The general proportions of this specimen config-
uration are shown in Fig. A4.1 . 
A4. 1.2 Alternative specimens may have 2 :s Wf B :s 
4 hut with no change in other proportions. 
:\4.2 Specimen Preparation 
A4.2.1 For generally applicable· specifications con-
cerning specimen size and preparation see Section 7. 
A4.3 Apparatus 
A4.3.1 Tension Testing Clevis-A loading clevis 
su'table for testing compact specimens is shown in Fig. 
. \~ . ~ - fh1th ,·nds of the sp,·cimen ar,· hdd in such a 
rkvis and lo;ukd through pins. in order to allow rota-
tion of the specimen during testing. In order to provide 
rolling wnt<Kt between the loading pins and the clevis 
hrJic\. tht\C hole\ arc provided with \ mall Oats on the 
ble cietails concerning the displacement gage see 6.3. 
For the compact specimen the displacements . will be 
essentially independent of the gage length up to 1.2 W. 
A4.4 Procedure 
A4.4 . 1 Measurement-For a compact specimen 
measure the width, W, and the crack length, a, from 
the plane of the centerline of the loading holes (the 
notched edge is a convenient reference line but the 
distance from the centerline of the holes to the notched 
edge must be subtracted to determine Wand a). Meas-
ure the width, W, to the nearest 0.001 in . (0.025 mm) 
or 0. I %, whichever is larger, at not less than three 
positions ncar the notch location , and record the aver-
age value. 
A4.4.1.1 For general requirements cor.:eming spec-
imen measurement see 8.2. 
A4.4.2 Compact Specimen Testing-When assem-
bling the loading train (rlevises and their attachments 
to the tensile machine) care should be taken to mini-
mize eccentricity of loading due to misalignments ex-
ternal to the clevises. To obtain satisfactory alignment 
keep the centerline of the upper and lower loading rods 
coincident within 0.03 in. (0.76 mm) during the test 
and center the specimen with respect to tht clevis 
opening •vithin 0.03 in . (0.76 ml'l). 
A4.4.2.1 Load the compact specimen at such a rate 
that the rate of increase of stress intensity is within the 
range 30 to 150 ksi-in . 'n /min (0.55 to 2.75 MPa-m''2f 
s) corresponding to a loading rate for a standard (W/B 
= 2) l-in. thick specimen 4500 and 22 500 lbf/min 
(0.34 to 1.7 kN/s). 
A4.4.2 .2 For details concerning recording of the test 
record sec 8.4 . 
A4.5 Calculations 
A4.5 . 1 For general requirements and procedures in 
interpretation of the test record see 9. 1. 
t\4.5 .2 For a dcso:ription of the validity require-
ments in terms of limitations on Pm .. !Po and the spec-
imen size requirements sec 9. 1.2 through 9. 1.3. 
A4 .5.3 Calculation of Kv--For the compJct speci-
men calcu:ate KQ in units ofksi -in .'12 (MPa-m''2) fro:n 
the followine expression (Note A4. 1) 
Ko = (P0/BW'n)f(c/W) 
w~.ere · 
loading surfaces (4). Other clevis designs may be used 
if it can be demonstrated that they wtll accomplish the 
same result as the design shown. 
A4.3. 1.1 The critical tolerances and suggested pro-
portions of the clevis and pins are given in Fig. A4.2. 
These proportions arc: based on specimens having Wf 
B = 2 forB> 0 .5 in . (12.7 mm) and W/B = 4 forB~ 
0.5 in . (12.7 mm). If a 280 000-psi (1930-MPa) yield 
strength maraging steel is used for the clevis and pins, 
adequate strength will be obtained for testing the spec-
imen sizes and avs/E ratios given in 7. 1.3. If k>wer-
strength grip material 'is used, or if substantially larger 
specimens are required at a given avs!E ratio than those 
shown in 7.1.3, then heavier grips will be required. As 
indicated in Fig. A4.2 the clevis corners may be cut off 
sufficiently to accommodate seat in£ of the clip gage ir. 
s1x·cim.:ns less than 0 .375 in . (9 .5 mm) thick . 
A4.3.1.2 Careful attention should be given to 
achieving as good alignment as possible through careful 
111achining of all auxiliary gripping fixtures. . 
114 . .\.2 /Jisplacement (iaKe- 1.-or generally appl1ca-
((afW) 
(2 + afWX0.886 + 4.64a/W- 13.32a2fW2 
+ 14.72a3/W3 - 5.6a4/W") 
(1- a/W)·"2 
where: 
P0 =load as determined in 9.1.1 , klbf(kN), 
B =specimen thickness as determined in 8.2. 1, in. 
(em), 
W =specimen width, as determined in A4.4.1, in . 
(em), and 
a = crack length as determined in 8.2.2 and A4.4.1, 
in. (em). 
To facilitate calculation of K0, values off(af'W) are 
tabulated below for specific values of af W. 
Compact Specimens 
a;w /(a/W) afW /(afW) 
0.450 8.34 0.500 9.66 
0.455 8.46 0.505 9.81 
0.460 8.58 0.5ta 9.96 
0.465 8.70 0.515 10.12 
0.470 8.83 0.520 10.29 
0.475 8.96 0.525 10.45 
0 .480. S.09 0.530 10.63 
C.4~5 9.23 0.535 10.80 
0.490 Q.37 0.540 10.9e 
0.495 9.51 0.545 11.17 
0.550 11.36 
NOTE A4.1-The expression in A4.5.3 is considered 
to be accurate within ±0.5 % over the range of a/ W 
from 0.2 to I (12) (13). 
4.5.4 Calculation of R,.,.--For the compact specimen 
calculate the specimen strength ratio (which is dimen-
sionless and has the same value in any consistent system 
of units): 
2Pmu(2W +a) Rsc = 2 B(W- a) avs 
where: 
I'm .. = maximum load that the specimc11 was able to 
sustain , 
/J = thicknc~ of specimen as determined in 8.2.1, 
W =width of the specimen as determined in A4.4. 1, 
a =crack length as determined in 8.2 2 and A4.4. 1, 
and . 
ays =yield strer.gth in tension (offset = 0.2 %) (see 
Methods E 8). 
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2 HOLES 4:j 4:1 
A • ~ 
U') 
0 1-------
0 
... 
--~ NOTE4 ~ A CD 1-------t ct 
~ 1-------U') 
0 
--~ q +• 1-------~ 
Az 
<D 
f 
:ba i.b~ CD ,..... W±.005W 
B- 2 ± .~lOW + 1.25 W -.OlOW 
Non 1-A surfaces shall be perpendicular and pa rallel as applicable to wi thin 0.00~ 11· TIR. 
NOTE 2- The intersection of the crack staner notch tips with the two speci men surfaces sha ll be equally distant from the top 
and bottom ·edges of the specimen within 0.005 W. 
Non 3-lntegral or attachable knife edges for cl.ip gage attachment to the crock mouth may he used (<cc Fig. 5 and o). 
NOTE 4-For starter notch and fatigue crack configuration sec Fig. 7. 
FIG. A4.J Compact Specimen C (T) Standard Proportions •nd Tolerances 
